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Foreword 



This handbook has be^en designed to a\:company the chemistry sylla- 
bus which was revised and distributed ii) 1957. It is*' hoped* that this 
handbook will serve both new and experienced teachers. ,gS[ectivj||pnd 
tiiuesaving suggestions aref* given for. improving teachin^^through the 
inclusion oj^ demonstrations atid laboratory work. All teachers yfiW find 
use fof the suggestiorjs^foi: varied instructional techhiques not rea'dily 
available elsewhere. Background inf6rn)|ition on' " relatively "new'* 
aspects of chemistry^ possible pupil projqpts, bibliographies and other 
sources of reference materials should prq^'e helpful. Emphasis has been 
placed upon those safety aspects peculiar to the chemistry classroom 
and laboratory. 

In wsing the handbook it is'expected ^hat the teacher will discrimi- 
nate/in the selection of activities, depending ^pon"^ the nature of the 
class, the' materials available and personal experience. Whenever a 
teacnfex hds students of^exceptional promise in science, whether an in- 
dividuaKor group, wider horizons of instruction should prevail. To 
assist the' teacher in this situation liberal references indicating advanced 
materials have been included at the end of most areas. Considerable 
helpful materials will be found in fhe appendixes. 

Some of the, material used in this handbook was contributed origi- 
nally by Reverend Laurence J. McGowan, Archbishop Stepinac High 
School, White Plains; Holland J. Gladieiix, director of mathematics 
and science, Kenmore; Raymond Byrne, Batavia High Schod,; and 
Samuel Bloom, Benjamin Franklin High School, Rochester. Elizabeth 
V. Lamphere, chairman, science department. Norwich City Central 
Schools; and Fred RieBesell, associate professor. State University Col- 
lege at Oneontji, prepare?! considerable m*W materials and activities 'and 
reworked some of the earlier Gontrihwtions. Numerous teachers through- 
out the Stat^' offered additional assistance. Herbert A. Steinke, formerly 
supervisor bf art in the Albany pubjic schools^ prepared the illustrations. 



Hugh B. Tempi eton, supervisor of science education, acted as con- 
sultant during the organization of the project.' Robert G. MacGregor, 
associate in science education, wrote* extensive additional materials and 
revised much of the original material for the final draft. John V. 
Favitta, associate in science education, gave the manuscript <a careful 
reading, offered valuable suggestions regarding changes, rewrote por- 
tions and. provided additional diagrams. •Herbert Bothamlcy, formerly 
associate in secondary currjpuluhi, organized the final manuscript and 
edited it in preparation for publication. 
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The Science OF Chemistry 

It has been said that the beginning of applied chemistry occurred 
before the dawn of history. In that beginning, prehistoric men and 
^^ women tamed fire, developed ceramics, discovered medicinal herbs 
and poisons, exploited the properties of natural cements and plastics, 
forged iron from meteorites and learned to reduce copper from its ores. 

Cliemistry as a pure science budded in the Old Kingdom of the Nile, 
when Egyptian priests began the process of seeking the interrelation- 
ships aqiong "the various kinds of material that make up the world. 
While nvan has lived to sec this task largely accomplished, new ques- 
tions and new unknowns have been raised in the process. Medieval 
alchemists delivered into the hands of early i^o^ern scientists of the 
I6th century a number of * known elements ^nffl compounds such as 
sulfuric, hydrochloric and nitric acids, alkalis, salts and organics. 
Firmly established chemical industries of this period included: metal- 
lurgy, dyeing, tanning, ceramics, papermaking, glassmaking and ex- 
plosives. Each new generation of themists has provided for the needs, 
resources, health, luxuries food, -safety and defense for millions of 
peoples. 

Out of centuries of human labor has grown a sound, complex, vital 
discipline known as the science of chemistry. It stands across both time 
-and continents as one of the -greatest intellectual and practical achieve- 
ments of man. It is a major branch of scholarship which lies at the rpot 
of all medical advance. It holds the solutions to problems of world 
food and fuel supplies, economic health, political stability, national 
defense and man's cea.seless hunger to un(^stand the universe. The 
teacher of chemistry sliould properly feel the majesty of this saga and 
exhibit pride at these great accomplishments for the human racp 




The Chemistry Course 

The aims and objectives of a chemi.stry course should reach far 
beyond the mere assimilation of factual chemical knowledge. The 
chemistry course should be a practice laboratory in which the "scien- 
tific method" is really appreriated and attitudes of true experirnentg^tion 
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are developed. The- creativity necessity fcxr bringing about new dis- 
^ ^ coveries is to bp fostered together with the realization that the worlds \ 
of today and tomoirow depend upon these new discoveries for their 
success. \ - 

It is important -to stress the role of chemistry in economics and its 
possible utilization in the future careers of the pupils. Appreciation of 
the benefits^ to citizens which consUntly flow from the workshops of 
chembtfy for health, security, productivity and peace should be made 
an inherent part of'the objectives, 
t The chemistry syllabus has been designed as a practical solution to 

the real class problem where teri^^inal pupils, college preparatory 
students and future scientists may be taught iji one group. It provides - 
a respectable standard of scientific content for the student who intends 
to major in science without necessarily eliminating a terminal pupil 
of average ability. Emphasis has been shifted away from descriptive 
content somewhat, toward the understanding of principles and concejpts. 
This does not mean to imply that descriptive chemistry and the mastery 
of fundamental subject content have become lesser in importance, but 
rather that these areas contain' the type^of material best suited to the 
election of the individual teacher: The syllabus and handbook mayj be 
used together most effectively: the syllabus as 'a flexible course outline 
and the handbook as a source of interesting activities from which the ' 
teacher may select suggestions to. substantiate ti>e listings found in the 
/ syllabus. 

Regents examinations will be based in part upon activities found in 
•> this handbook. Care will be taken to construct questions in such a 
manner as to test facts and principles. It will not be necessary for any 
individual pupil to have performed all the activities.- 

Scheduling the Chemistry Course 

The minimum time recommended for the study of chemistry is si:^ 
45-minUte periods a week. When six 'periods a week are scheduled it 
is desirable to have a double laboratory period to proyide time for 
certain types of laboratory exercises and/or short field trips.* 

To achieve the maximum benefits of the science laboratory the 
teacher must give individual attention to situations as they arise. Pupil- 
teacher contacts, remedial opportunities and ^ effective supervision de- 
cline sharply with increased size of classes: It is recommendeid that 
> the chemistry recitation class not Exceed 24 pupils and that the labora* * 
tory class not exceed 16. * 

ERIC 9 & 
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Ad'Vanced Placement Courses in Cpiemistry 

^J^ere adequate teaching skill, equipment and time „ are available, 
schools may wish to consider providing advanced placement courses in* 
chemi§W'y for students who possess the ability and drive to accomplish 
college-level work during their 12th year. The College Entrance 
Ejcamin^tiori Bo^4*d offers a special examination for such students each 
May? Upon receipt of the results colleges, at their own discretion, may 
awar^ to the student e^^emption from ^\\ or part of the first-year 
chemiistry course^ Some s^udeiSts may thus gain an entire year of time^ 
in their professional trainings The abilities of the"^ school, ^the teacher- 
and the students should be carefully weighed before devoting time to 
the development of such a program. 

The Bureau of Secondary Curriculum Development has prepared the 
publication Advanced Placement Program in Chemistry. This bulletin 
offers guides to high school administrators and teachers for developing 
college-level courses in chetnistry. 

The Chemistry Laboratory Program 

, The .teacher is responsible for the effectiveness of the ^laboratory 
prpgrai^ Ptipils must understand the purpose of the labpratpry work 
afnd th^i?ecessity for using accepted techniques in perforr^ing the activi- 

Tties which are chosen. The proper appreciation, by the pupils, of ttip 

^^^cientifitf* method ^ill largely depfepd .upon the *legree to wliicli the. 
teacher/develops a sequential and •meaningful laboratory program. 

Laboratory exercises ^should be .performed individually or in small 
grcrtips. Demonstration ii^volVing as.miifch pupil :participation as^pos-* 
sible should be performed ire^fuently by the teacter as one of a variety 
of instructional. t€clinijR|uesi However,, sucli demonstrations cannot be 
considered a substitute^ for piipS-performed exercise? because they do 
not provide for manipulatioil of materials, observation, ihid 4he * cor- 
rec5ti<)n and* intei-p^etatiQn of data by each individual puj^rli-SrucIents^ 

•of superior ability** who have^ia keen i^t^rest in chemistry can profit,' 
greatly Srotfe'prpje^ct work and may^even ^carry on s6me actual . original ' 
reseanch when rfacilifies and supervision . arc ayailalile. 

" r' ' * \, ■' ' . • 

Labpir^icwry^Rcquircrticnts 

i 'One of the requirements for the successful* cpmpfetiori of the chemis- 
' try cpurse bn/a full-time ' basis^ is thsi^t the pupil -^jhall have spent, at 
lieast 30 periods in the laboratoi^ peifftrfningVlalDofatpry work and shall 
, have prepared q. ujrijteii^rcr'ord Qf'lliis'.\.vpi:k,ift a notphpajc. Most pupils 
-slio^jld complete -A ^nini mum of approximately 30 exercises. . However,. 
the number of exercises that should be perfofm^d' d'epends upon the 
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type selected. Notebooks should be retained by thd school for at least 
six moAths after the .final exantination. " 
. It -is difficult to "justify the pr^tice of requiring exercises in which 
all observations and conclusions can be recorded by reading a textbook 
or workbook rathei" tlian by actually performing the ^ercise. , An ex- 
tremeiy important outcome of laboratory work is the ability to ix^ord 
data and write Reports in an accurate and concise manner. It is sug* 
gested that teachers be as critical of spelling, grammatical errors and 
clarity of the reports as they are of laboratory techniques. 

Laboratory Techniques 

The development oF certain techniques for the safe handling of chemi- 
cals and apparatus is a major object iveg^of laboratory work. College 
students and those in training as nurses and laboratory technicians 
have, frequently reported that their inexperienc^e in assembling appa- 
ratus in the high school chemistry laboratory hak hindered their prog- 
ress in advanced science courses. Although it is desirable that superior 
students engage in some research projects requmng^everal periods for 
completion, such assignments should be made only after these students 
have acquired these basic skills in handling apparfjtus. 

The warkbook-^ookbook approach to laboratory cxpei^ence may be 
tolerable during the first few weeks of the course Vhen the pupils are 
learning how ta handle apparatus. Beyoi\d this point a ^piore truly 
experimental operation is suggested. Somef Wiays to provide for this 
effective form of experimentation include: \ , 

• Plan laboratory experiences before the cUss discussion, thtis put- 
ting observations in their proper relation tp conclusions. 

• Conceal the expected outcoine of the\ eicperiment as often as 
possible. ^ ^ 

• Require the pupils to design spme exercises themselves, beginning 
with simpler steps. Toward the end of the course, they should be 
expected to design ^the whole procedure. ' 

, • Have each pupil work with a different amount of material when 
the e^tercise- can be made quantitative; for example, solubility 
curves and percefttage composition. 

• Use "unknowns" after first working with "knowns." 

• Assign a -different method to each group of pupils in situations 
where there are alternate methods for preparing compounds. 

• Use the semimic^o technique for pupils at either end of the 
ability spectrum since this Cfecbnique allows each to progress at 
his own rate. 
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The use of semimicro equipment in the high School chemistry 
laboratory, although a relatively new technique, is increasing. One 
of the principal differences between the usual high school laboratory 
equipment and its semimicro counterpart is thq size. For many pieces 
of equipment, the esJejmtial .MTerence between macro and semimicro 
- equipment is the smaller size of the semimicro equipment. 

While an Erlenmeyer §ask commonly used in macro work has a 
capacity of about 250 ml., an Erlenmeyer flask in semimicro work 
has a capacity of about 50 ml. A common macro test tub^^ight have 
a capacity of about 15 to 20^1. wh,ile a semimicro test tube commonly 
has a capacity of 3 to 5 ml. 

In addition to flasks and test tubes this is also true, for example, 
of such items as beakers, funnels, crucibles, mortar and pestles, watch 
glasses, thistle tubes, ^as collecting bottles .and bunsen burners. 

Aside from size,., however, semimicro differs from macro work in 
other . ways. Most of jhe required chemicals in macro work, for ex- 
ample, are usuAlly, provided for the pupils at the? time they are needed 
for'^a specific experiment. In semimicro work, by coYxtrasJt, pupils are 
provided with a kit or tray of most of the chemicals that are needed 
for the entire laboratory work of the year. If necessary, more than dne 
class -may usq, the same kiU. Kept in wooden trays, highly concentrated 
solutions of the common acids and bases are ^ilso provided pu[)ils in 
semimicro work. Pupils, prepare more dilute solutions of these Acids 
and bases as they are needed.* ^ ^ \. 

Mdny reaction^ are ^fleeted by adding;, reagents 'dropwise to. glass 
micfoscope sj^des that are considered to be another essential' part of 
semimicro equipment. Some reactions, too, are effected^ in specially 
designed tapered ^est tubes (centrifuge tubes) so that small amounts 
df precipitate may ije separated more easily and .xjuickly from solu- 
tions by decanting. Centrifuges are, thejj^ore, necessary, pieces of 
equipment in 'semimicro work-about four tfentrifyges .per class of 16 
pupils. The procefSses^of centrifuging and d\;canting frequently replace 
the macro process of filtering which is usua% too^ slow a process for 
many semimicro operations. ^ ^ 

While weighing chemicals roughly to the nearest tenth of a gram 
is sufiScient in most macro operations, weighing to the nearest hun- 
dredth of a gram i^ commonly desirable and necessary in semimicrc^ 
» > work. At least six of these balances per class of 16 pupils are recom 
mended. 

Before attempting the use of semimicro equipment the teacher 
should realize that a greater degree of coordination on the part of 
pupils is needed and ^hat supervision becomes '^more limited. 
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xke Use of semimicro equipment (all or ju part)' satisfies all laboratory 
^reqiiirements. ' , ^ 

■ > " ' .' • ' > ' 

■ ■■ ^ >» 

Protesting Demonstrations and Laboratory Exercises 

ilie teacher is strongly urg§4 to pretest all demonstrations and 
laboratory exercises.^ An unrehearsed demonstration of exercise is 
likely to create the same au(iience impression as an unrehearsed play. 

Possible Teaching Sequences » \ 

The chemistry syllabus, ^s ou dined in Chemistry and Physics, can^jiot . 
be considered, in its entirety as a teaching sequence. Sevepal sequences 
are riot only possible bufUiave been succ^fully used. Teachers of any ' 
. chemistry* course usually find that ^ley mUst present several topics up 
to a certain point ahd then retrace th^r steps to fill jn the gaps. They 
often^ feel that -a certain givefa topic cannot* be presented until ajl 
other topics* have been taught; Theliecessity,f6r jhis method- of presen- 
tation make^ it 4ifficult to prepare a brief leaching sequence. With 
the limitatioi^ described^ above, two possible sequences are suggested : 

f Teaching Sequence I - 

This sequence is suggested largely by the arrangement of topics in 
thi^- handbook.. Atomic structure anJ ihe pe^riac^c table aire presented 
early in the course. Frequent references are made'^'to thte periodic table 
and^to principles of reaction in explaining certain topic^ under metals 
and nonmetals. Mathematical applications are presented as needed and 
range from the simple minimum required problems to more advanced 
optionarextensioris which should challenge the more ^ble students. 

Teaching Sequence II 

Sequence ' Syllabus Topics 



Introduction 

f 

Solutions an4 Water 
Oxygen and Hydrogen 
Atomic Structure 

Chemical Nomenclature, Fdrjltiuj- 
las. Equations and ProbIeril& 
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1. Looking at the Work of the 
^ Chemist f 

' 2. Solutions and Near -Solutions 

3. Nonmetals, III and IV 

4. The Atomic Structure of Mat- 
ter, I and II 

5. , The "Language and Mathema- 

tics of Chemistry 
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Periodic Table, Metals, Nonmetals . 4. Atomic Structure, Itl 

and Inert Elements ' 9. Metals, I; 3 Nonmetals^I and 

. 11 

The Halogen^ and Their Com- 3. Nonmetals, V 

pounds • s 

Sodium and Calcium Compounds 9. Metals, iV and V 

Ionization 6. Ionization, Acids, Bases a^d 

i Salts 

Sulfur and Its Compounds 3. Nonmetals, VI 

Nitrogen and Its Compounds 3. Nonmetals, VU and VIII 

Carbon and Its Oxides - 3. Nonmetals, IX 

Nuclear Energy * 7. Nuclear Energy 

Organic Chemistry 8. ^ Organic Chemistry 

Metajlurg/ 9. Metals and Metallurgy, II and 

ni , a ^ 

Principles of Reaction 10. Principles 'of Reaction ' 

The Place of Mathematics in Chemistry 

The prerequisite for enrollment in the Regents course in chemistry 
IS the successful completion of the course in ninth year mathematics—* 
course 1 (algebra). Experience has showft that tenth year mathematics 
is ako very desirable. It has also shown that grades of less than 80 
percent in either of these mathematics courses are predictors of con- 
siderable difl&culty in chemistry and physics. 

In most cases in this handbook, required mathematical applications 
or suggested optional mathemati<:a/ extensions hav^ been included .in 
connection with related activities. It is recommended that mathematics 
be introduced into the cpntent wherever appropriate rather than con- 
centrating this study into a short period of "time. 

Appendix E contains information dealing with significant figures 
and powers of 10, topics that are appropriate for pupils of above- 
average ability. Wliile the uge of the slide rule is not required, ihe 
development of .this ^kill is very desirable, particularly for pupils who 
plan to take advanced science courses. „ 

Spejcjal Safety Precautions 

Throughout this h|ndbook strong emphasis has been placed upon 
safety precautions in tfie chemistry classroom and laboratory. School 
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administrators may also wish to consider the following two recom- 
mendations in determining local school policy in regard to safety. 

Protection for the Eyes 

The excellent safety record in the chemical industry is due in part 
to the fact that all persons are required to wear glasses while in the 
laboratories. It may be desirable to require that teachers and pupils 
wear glasses, • visors or similar protective devices when performing 
demonstrations and experiments. Such devices should be considered 
basic items of equipment. 

Experimentations with Rockets and Rocket Fuels 

^ Rocket research is being conducted by hig&ly trained specialists 
working in isolated areas with the strictest safety precautions known. 
Tfesv handling of propellants involving chemical reactions requires a 
specialized training that few, if any, teachers and" pupils possess. It is 
desirable to prohibit such experimentation as a school activity and to 
discourage it as nonschool activity. Upon request the specialists at 
nearby milUary installations ttiay be willing to offer advice on the 
sn})icct of explosives. • ' - ■ * * , 

Survey of Safety Procedures 

Appendix A is devoted entirely to safety recommendations for use 
in the chemistry laboratory. 
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The Science of Chemistry 

1.01. Methods of Science 

The scientist empbys an orderly methoa of organized thinking to 
solve ^ problem objectively. This systematic approach is called the 
scientific method. Science may be described -as "a series of concepts 
or conceptual schemes (theories) arising out of experimentation or 
observation and leading to new experimei^ts and further observation." 
The test of a scientrfic theory should be its fruitfulness, Its ability ta 
suggest, its stimulation and its direction^to further experimentation (see 
reference IR-l). ? 

Science is an orderly process involving the -formajtion of broad 
working hypotheses that may eventually become new thejories. Through 
experimentation, there is a^ testing of deductions which lea^s^ to the 
accumulation. of new data and perhaps to new hypotlieJ^es and forthfjr 
experimentation. By using a similar approach in the teaching of science, 
^it is expected that the pupil can gain some comprehension and under- 
standing of* the methods of science ^see reference IR'2)\.^ 

a. Preseriit to pupils a schematic approach to problem solving such 
as the following: 1 

• Observation of phenomena^ ' j 

• Construction of hypothetical patterns (identification of aprqblem) 
<^ • Establishment of ejcperimental facts 

• Construction of satisfying patterns (theories) possible of, inde- 
pendent verification . 

• Understanding — » comprehension — > prediction 

b. Discuss with the pupils the manner in which scientists employ 
an orderly method of thinking (see reference lR-3) : 

• Problems hypotheses -> survey of literature ^ experimentation 
~» controls — > cause and effect tentative conclusions open- 

'mindedness ~» application 

• Limitations of the scientific method 

• Application of the scientific method to' fields other than science 

• Search for the trnth leads to the' benefit of man • 
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1*02. Ideutif ying and Checking Equipment 

a. Prepare a form similar to the one shown below and provide each i 
pupil with his ovm copy. Use the overhead projector to identify the 
items of equipment and instruct pupils to "check off'* each item in his 
desk vthen it is identified (see appendix B-I), See references 2R'4-5 
for additional helpful hints in ii^he use^ of the overhead projector. 



Pupa's Name * 



Dhawer 

NUMDEH 



Date 



SUPPI-Y 

Name of on 

Apparatus 


Quantity 


Check V 


Remarks 


Identified 
& Received 


Retuhned 


Beaker, mU 

• ml. 










Bone or plastic spoon 










Bottles, wide mouth, 
- - oz. 








\ 


Bunsen burner and hose 










Bui^tte clamps 








-J ^ — 


Crucible and' cover ^ 










D^agi'stinf; spoon 










Erlenmeyer or Florence 
flasks, ml. 










Evaporating dioh 










File, irianRular or glass 
tubing cutter 










Filter paper 










Forceps 










Funnpl 










Glass squares 










Graduate. ml. 










Litmus paper, rcd and blue 




t 






Medicine dropper 










Metric ruler 










1 ■ 

Mortar and pestle 










Pinchcocks ^ 










Pipestem triangle 










Pneumatic trough 










Ringstantl and clamps 










Rubber or plastic 
connections 










Safety matches 






V 




Sponge 
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Slirring rod 


4 _ . 


• 




Sloppcfsf cork and rubber 











Test tube, pyrex ■ ml., 

ml. 


- 








Test tube brush 




— 






Test tube holder 










TcGl tube rack 










Thistle tube 










Tonga 











1 npod k 










Watchglass 








'1 


Wing lop 










Wire gauze with asbestos 
center » 














^ 


























i 










Laboratory equipment 









Pupil's Signature 

' b. Cut out a large question mark from brightly colored paper. Spread 
rubber cement on the back of the paper. When the cement has dried, 
paste the question mark in the center area of a large pegbpard. By 
means of /string hang various pieces 'of equipment on the pegboard^s 
hooks. Masking tape may also be used tq, secure apparatus to the board. 
On a small strip of masking ta^be placed beside each item put the name 
of the apparatus, if the display is ready before pupils start the term, 
most of the names of the apparatus will be famUiar l)y the time 
laboratory desks are checked. 
^ r. A suggested procedure for setting up an orderly arrangement of 
chemicals in tlie laboratory will be found in appendix A'4. 

1.03. Safety in the Chemistry Laboratory 

Every pupil must be made aware of the dangers of accidents in order 
to insure t^ie safety of himself and every other pupil in the chemistry 
laboratory. See appendix Ad for detailed information dealing with 
safety. 

a. Hazards in the Laboratory. Teacher^; should discuss and illus- 
trate where possible the following common hazards (see references 
lR-6-7): 
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9 Fires — hAir or wearing apparel near open flame 

• "^Mrns.— hot water, glass (hot and cold glass look alike), touching 

hot iron ring on ringstands 

• improper technique of handling glass tubing and tfiistle 
tubes, lack of fire polishing 



• Toxic gases [R^, CCl„ Cl^, HCN, Hg) --Improper ventilation 

• Explosions—vaused by unauthorized experimentation or failure 
to follow directions - . . ' 

Poisoning-^hen caused indirecdy by eatihg or drinking in the. 
< laboratory 

b. School Policy for Reporting Accidents. Teachers should make 
perfectly clear to the pupils the policy to be followed in reporting 

„ accidents. Each pupil should be well informed as to what Jie is expected 
to-'do shoulcf he become involved in an' accident or needed to Assist 
in some way a result of one (see reference IR-S) . / 

c. Written Reports on Accidents. It is absolutely necessary that 
each pupil int^lved in.dn accident in the laboratory be responsible-' 
for reporting it immediately to the instructor. In addition it js a highly 
desirable educational technique to require each pupil involved' in an 
accident to prepare a written report of the accident. This repfert" should 
include the following points: ^ 

• Concise description of thte accident * ' ' 

• Who was involved 

• Description of injuries ' » ' ' ' 
*• Treatment of injuries ^• 
^ .Chemicals and apparatus used 

• Basic cause of the accident 

• What could have been done to avoid the accident 

d. Using Film on Safety lor Summarisation. The film entitled 
Safety in the Chemistry Lab may be used effectively to point up further 

• and summarize the need for safety in the laboratory. This film may 
be obtai/ied from the Audio-Visual Center, Indiana University, 1804 
East Tenth St., Bloomington, Ind. 

1.04. Working in the Chemistry Laboratory 

a. Basic Laboratory Techniques. The differences among pupils 
both in intellectual capacity and the ability to work with chemical 
apparatus safely will require that they perform different laboraloryi||P 
exercises^^ome pupils will require maximum supervision for the entire ■< 
yeiar while others may safely proceed with less close supervision after 
only a few laboratory sessions. Before, proceeding to many of the 
laboratory experiences and activities suggested in this handbobk, all 
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pupils , •sHoukl Ije J4HiW-^e;il in^ A'XiuTW-ntT, \s i\\h Si -Jctti^t 




'•C ^^fii&viftg liquids ^(Pom boUIes 



:':Jf Diliibung achk ant]'othei;^liquid reagerrt.s- 




fj.^s%^ thi^pe tubes.' .v ^ 
V Filtering' li(juidk ^ ' /' 
. Using ahe"' atblyl'icaH)r pl^tforit^^ triple haxih 
' „ .••Puttin^.^lass I^ul^ing- tfirou^h stoppers /^{^'o. . 
. / Removing powdered ehemicals f rpm containfiS-s ^ 

• Using, the hoo3\ ^^4;^ 

• Making ^and using pipWes , '\ 
/•^Clittihg' and^bencling' gla|s ; 
^*:JB'lre polishing ; " V. ' ■, 

• ^fi^'Heati^g test^^^b^s, bealtexs,',, flasks 

; Collectiiig' a ;^;h^ayier j*lhan.^air , _ . ^ ^ ^ ^ , ^ 
/ .7 •r^p'MtJn^ a itfjighl^r thanv^ftlr c?? * / /^'^ ' ^ 

\ ^ V Regjsirea L'aboi:atory PrepjarjMions and" QudilatiVe Idetitifi: 
cation^. 'No ipe(ilfic-lqi3rLory\4f^^ ^ retjuired to be done fiy.All 
. pupils. JHo>veveV;;a^ outliWd iiaJkfe^em^^^ iomp>.:^egent». 
; examination questions rti^'hi based 'upon'te'^tain labordtory .prepya- 
^ions and chemical test3. Piipils should be acquaintcdvby laboratory 
. experience or tekcher demonstration with the procedures and results 
of the following:; • . 

QuALttATIVE IdENTIFICAI'IONS 

• Oxygen 

• Hy'drogen 

• Chlorine, bromine, iodine ^ 

• Chloride, bromide and* iodide 
ions 

• Sulfite ions 

• Sulfate ipns 



Laboratory Preparations 
• Oxygen 



Hydrogen 

Chlorine, bromine, iodine 
Hydrochloric acid 
Hydrofluoric acid 

• Sulfur 

• Sulfur dioxide 

• Hydrogen Sulfide 

• Nitric acid 

• Ammonia 

• Carbon dioxide 



Sulfide ions 
Nitrate ions 
Ammonium ions 



• Carbonate ions 

• Metals (flame tests) 

• Metals (sulfide tests) 



' 2P * CHEMISTRY HANPBOOIC 

1.05. Benefits of Science 

Reports of current scientific developments should be introduced 
throughout the chemistry course to stimulate interest and, particularly, 
to emphasize the dynamic nature of science Individual and committee 
reports of new developments familiar to pupils are desirable tech.- 
niques to employ. See appendix D for helpful suggestions to follow 
in -writing a report. Some suggestions for topics ai:e: 

• The Salk experiments in developing the vaccine 

5 • isotopes used as tracers in biological and'medical research 

Pupils may also report on chemical discoveries and applications that 
have produced outstanding c?hanges in man's mode of living. Some 
examples might include: 

• The development of mineral fertilizers by Leibig 

• Perkins- discovery of the dye^ mauve 

• The synthesis of alizarin 

• The synthesis of indigo 



1.06. Classi^^tion of Scientific Information 

a. Display speciiriens of copper,* iron^^ mercury, silver, lead, zinfc, 
aluminum, sulfur, iodine, red phosphorous and carbon. Have pupils 
classify these elements on various bases suCh as: 

PhyTical Characteristics Chemical Characteristics 

Color ' Reaction with water ^ 

Apparent heaviness (specific Ability to burn > 

gravity) v ' . 

Solubility 



From these Vi^rious properties, develop systems of classification. 

6. Demonstrate the need for the classification of scientific informa- 
tion by displaying a series of compounds such as: >sugar, sodium 
chloride, calcium sulfate, ^ropper sulfate, potassium hjjdroxide, cal- 
cium hydroxide, ammonium chloride, ammonium bicarbonate and 
sodium carbonate. Illustrate differences in solubility, odor, reaction 
/to litmus and lothers. Develop a system of classification for these com- 
pounds. Determine why a system of classification is desirable. 
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1,07- Substances 

o. A substance is defined as "a homogeneous species of matter with 
reasonably definite chemical composition." The wording employed 
'shmild make it obvious that* caution should be taken before traching 
or accepting oversimplified concepts. When simple definitions are 
given, they should be undermined later by bringing out exceptions 
'and complications because a simple" picture of nature is not a true 
picture. ^ • * 

The following organization is offered with precautions: 



Matter 



HoniogiMieous 



Heterogeneous 



Vari'khle composition 



Variable Composition Invariable composition 



Mj^ti 



Solutions 
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Compounds 



Elenients 



b. Advanced students should be introduced to further concepts sucH^ 
as *'systemr "phase" and "state" (stable, metastable, unstable) . 

c. Emphasize that in practice purity is often very difiScuh to achieve. 
.Some transistor crystals are highly purified; for example, indium 

anUmonide has been brought to a purity of 99.999999 + percent. 
But even 0.000001 percent of Avogadro's Number is a large amount 
of impurity. Exhibit the labels of -bottles of chemicals that indiciate 
limits of impurity. The development of purer inater^als is a ttue frontier, 
of chemistry, in both tiieoretical and applied respects. 
Examples of some of the problems are as follows: 

• Supposedly pute sulfur, whose boiling point has been one of 
the defining temperatures on the international temperature scale, 
was recently found to contain heavy hydrocarbons. When these 
are taken out, sulfur melts 0./° higher than any value reported 

.in the literature. 

• Mercury is used as a pressure standard.' Pressure is cdmmonly 
defined in terms of a column of. mercury of specified density 
under specified conditions at a sjiecified height (760 mm.); 
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^'^ough mercury js easily purified cbcinically, it has eight or 
. nind' isotopes, and isotopic composition varies slightly. Thus, the 
density do^^^o, although the vlfctions, are only parts p^er 
milHumr-Qlta present isotopic abun^Tnce^ measurements are not 
accurate enough tQ specify isotopic composition of the mercury 
' - used in such'^iHeasureunfflits.l , . • 

• There is no krypton ava^able^which ^o.es not contain krypton^85. 

• Aluminum, commonly used to pacl<age materials for protection 
against Eadiation, ^contains iron, copper, • manganese, zinc and 
chromium, all of which absorb neutrons. 

1.08. The 'Chemical Elements \ 

a. Exhibit copper in the form of a mixture (a penny op any mass 
object), a compound (\Iue cdpper sulfate) and a pure element (el^tric ; 
wire). Arrange similar displa)% -of other common elements in luch 
forms. Point out t\ the pupils that they are alread|^ familiar i-'ith 
many elements: unalloyed metals, charcoal and oxygen, 

6. To increase the pupil's awareness' of purity ,'*''exliibit . in order, i 
cement, glass, quartz, ferrosilicoij alloy, tojmmercial 'silicon and &^ 
silicon diode oir transistor: Point out the increasing purity of the 
silicpn in tKis Series, but stress the point that absolute purity is ex- 
tremely rare, ^he best chemical tests for tlie presence of impurities 
are relatively crude. Physical tests, such as spectrpgraphic analysis • 
are much better, but- they also have their fimits. Wote that if a gram 
\>f iron is one millionth of a percent 'impure, the atoms 'in tIJfc gram 
^ that are not iron number more than 10^*.. Yet this amount of impurity 
is not easily detected. 

c. Prepare an exhibit of all the elements available In the laboratory. 
A permanent display of small samples fixed in place on a periodic 
cliart is a superior teaching device. • 
, DJ. Contrast the Greek concept of the un^l verse as consisting of' a few 
"elements" witli the 100-f^s chemicaf "elements" of today. Point out - 
that to the modern physicist there may be only two or three stable 
"elements": electron, proton and photon. The elements of chemistry 
are not true ultimates of the universe, yet most of the universe is one ' 
of them s hydrogen. v 

e. Discuss the abundance of the elements in the whole earth and 
Ihe known crusl^Lii terms of 'weight and in terms qf number of atoms 
(see references rf^'9'20). Encourage artistic pupik to prepare colored 
circle graphs to dramatize the inequality of distribution. Make a col- 
lection of articles on die project to penetrate the earth's crust to new 
levels, the ^mohole" (see reference IR^II}. Our present knowledge 
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reste ofi the monumental ,^oik of two scientists connected with the 
National Bureau of Standards, Clarke and Washington (see reference 
lR-12). ' . / 

« / Encourage pupils to investigate rliodem theories concernmjg the 
origin of the heavier elements from hydrogen in the star^ (pe pefer- 
eace 1R43) . One theo?;y holds that Jupiter is "a stone in afsnowball 
—a stotty core surrounded by a vast mantle of ice and, t6pping the 
ice, an 8,D0O-mile-thick .shell of , frozen hydrogen, ^/nailer planets 
.such as Earth, may have "had more hydrogen at one tpe, but bemg • 
. " less massive- they are less able to hold light elements. 

g Have a committee of pUpils interested in premedical studies pre- 
pare a chart of the- abundance of, the elements in the human body • 
Another group could invesUgate*the composition qf sea water and 
compare it.with,the cotaipoiition of bloo'd (se^eference-ZR-i41 . 

' .' ■ • . . y 

1.09. Manrhade^leniCTits . ' [ 

a Below Uranium. Scientists have produced hundreds of iso[ope.s, 
. stable and unstable,- including 'gold,, by addiMon to and subtraction 
■ irom existing nuclei. Most of these jsotoi)es represent forms that do 
not exist naturally,- but they may, have existed when the earth was 
more radiaactive than n6w. Four of them, astatine,i rancium, teclmetium 
and promethlum have no stable isotopes, but astatin^ and francium 
, ' may occur in nature as members of a decay series. Note that the 
. hydrogen isotope, tritium, jnanmade in sizable quantities, occurs' in 
nature in minute quantities. 

b Beyond Uranium. Note that neptunium and pluton;um do oc- 
cur in nature as trace amounts in uranium' ores.. Curium was dis- 
covered before americium, although it, copies after it on the tabje 
(see references. 2R-25-26). Note that the , discovery of element 10^ 
by Swedish chemists has been challenged, l^iscovery has been cla>mea 
- by American chemists. The name "nobelium" is not yet official. Most 
of these elements were identified before they were ever seen; we 
may never see soRie of the heavier ones. See references \l<-^7-18 on 
. methods of isolating these elements. It is now felt that element ^ lOd, 
* "the last of the actinides," wil^ be made. Due to incr-.asirtg instability 
it may be the last of the "manmade elements." 

c Some pupils apparendy get the impression that manmade ele- 
ments will soon become household articles. Be sure to point ^out that, 
with the exception of plutonium which can be used m bombs or re- 
actors, interest in these elements is largely intellectual, and most ol 
them will probably never appear in commercial quantities. , 
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^ 1.10. The Lanthanide Elements 

•These dements, once lumped- together as* the* "rare earths, arc 
rare no longer and_j:fipr€sent a true frontier* of modern chemistry. 
Before World War II these elements and their compounds had a few 
common uses (see reference lRd9), Now they are produced in ton- ^ 
^ nage^qu^ntities and are used in the glass, ceramic, electronic^ nuclear 
and pl^tic industries. Have the pupils develop an informatioji file on' 
this emkging field. Watch for articles ^nd advertising in Chemical 
and Engineering News (see appendix f). Progress in separgiting these 
elements from each other has been stepped up by use of ion-exchange 
resins and chdaHpg agents. Their high price is due, in part, to pVesent 
slow techniques. For example,* it may take four mdntl^s to pass a • 
band of yttriui^^ salts through an ion exchange column. Some of the ^ . 
lanthanides'seem destined for important roles in the util^ation of ' 
nuclear energ)r, , • 

. Advanced students should be encOurag€<f to analyze' the orbitals 
that give rise lo the lanthanid^ and actinide series (see Area 2). ( ' 

1.11. Compounds * 

a. The key ideas to l?e 'developed here are the changes brought 
about when: , 

^ Elements combine with one another 

• The sanie elements are combined with bonds of different types 
(hydrogen chloride and hydrochloric acid) ' 

• The. same elements combine in different ratios (H2O and H2O2) 

• The same elements in the sam^ ratio are combined in a different , 
se(juence (stru(kural isomers) . ^ ' 

• The same elements in th& same ratio and sequence are combined 
in a different . spatial arrangement (stereoisomers) ' 

Many illustrations of these points can be selected from this hand- \ 
book. Note also the precautions about defining compounds in "non- ' ^'-^^ 
stoichiometric compounds." 

L Analysis and synthesis should reappear often in the chemistry 
course, and many examples will be found in this handbook. Prepare 
a display qf "analytical tools of the chemist" and "products of synthetic 
chemistry.';' • ^ 

1.12. The Law of Definite Composition 

A procedure that may he used to ./llustrate the concept, definite 
proportions by weight, follows. 
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Iron l^itcs with sulfur in tlie ratio of 56:32 parts by weight. Pla'ce^. 
a mixture-.^f 56 gm. of iron filings and 32 gni. of powdered 'sulfur in-^ 
a te^f tubei and heat until incandescence takes place within the tube. 
Bre4k the /tube under cold water and test the FeS with a magnet. 
Repeatj|thte experiment using an excess of iron. The iron which did 
not ente7 into chemical union can now be detected by the magne|. 

This /xercise lends itself ^ to a discussion of the methods' of scico(i 
and'exi^rimental error. In the' fir^t step, sonic sulfur may be volatili-;:^ 
and We results may not be consistent. It desirable to have eadb 
pupil/perforra this 'exercise (using one-telu'h of the above quantiti^U 
and /to compile a table of class results thiit can he used to disruss 1%; 
experiment statistically. ■ 

K.13: Identification of Elements 

a. See t^e sections on analysis for anions, catiotis and general j^n- 
knowns in Area 5. Use of "unkpowi^s" of various types should b<| a 
feature of student laboratory work throughout the course rather tljan 
lumped into' one section at the end. Memorization of specific test^rlg 
methods, however, is not an objective of this course. Many of tH|s^ 
can be summarized on charts for pupil reference instead of being CQpa- 
mitttd to memory. However, maximum laboratory experience in this 
phase of work is desirable. . 

b. Books on ^mmercial analysis," "food analysis" and "physiological 
chemistry" will provide many very simple tests for, pupil laboratory 
work. Do not overlook possibilities such as testing^ 

• Soap for free alkali 

• Soap for carbon^ites 

• Soap for rosin ' ' 

• Baking powder for CO2 

• Apples for vitamin C 

• Paint for water 

• Paint for lead 

• Soil for pH v,.^ 

• Natural water for pH 

• Natural water for turbidity 

• Various textiles 

c. Not^ that color change is not necessarily a sign of chemjcal change 
and colors by themselves are an unreliable means of identification. 
Color is* a physical property and in some cases changes with temperar 
ture or stress. ^ 

d. Develop an awareness of "interfering substances." This can be 
accomplished by planting some interfering substances in "unknowns" 
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or by reading to the class a few procedures from advanced text 
on analysis to illustrate the precautions taken by the<«he^st 

* 1.14. Mixtures * 

Mixtures should be defined in such a way as to make clear that they 
include solutions, colloids and systems composed of phases, l^oint out 
that the study of mixtures is the culmination of the previous study of 
pure substances; that it is of the greatest practical Importance and 
that it represents one of the most difficult areas in chemistry. Under- 
standing of mixtures and tHfeir separatipn should -not be taken for 
granted. A worthwhile pupil • exercise or a teacher demonstration 
is imperative. 

a. Prepiy^e a mixture of washed sand and salt. Vary the proportions 
by adding-anOra of "one or the other compqnent. Taste the mixture to 
show that thevjcharacteristlc .property oi th^salt has not been altered^ 
Add water to the mixture, stir, and filter. The residue is the original 
sand. Evaporate ithe salt solution to dryness over a bunsen burner to 
obtain; the original salt. This activity shows that mixtures may be 
prepared in any proportions and that they can be separated into their 
component parts by using physical means. 

6. A mixture of sulfur and iron filings can be separated by adding 
carbon disulfide followed by ^filtration Mid, evaporation* This sho^ilfl 
be done by allowing *the mixture to stand in the hood. 

c» Display a number of common mixtures such as: soil, concrete, 
milk, paint, air and kaolinite in water. Discuss how they may be 
separated by physical means. 

1.15. Kinetic Molecular Theory > ^ 

a. Exhibit clear glas* bottles of iodine crystals and liquid bromine 
to show the vapor phase present in each case. Place stoppered bottles 
containing water concentrated with ammonia and concentrated hydro* 
chloricx acid alongside ^nd discuss the presence of vapor above these 
liquids too, Ren^ove the stoppers from the ammonia and acid to con- 
firm the presence of invisible vapors by the formation of ammonium 
chlorfd** ^inoke. , - ^ 

6. Illustrate sublimation by warming some iodine crystals in a large 
dry flask. Relate to sublimation of moth flakes and snow. Use liood^. 

o. Illustrate" molecular motion on the overhead projector and relate 
to temperature and siaie (ace diagram l.JSc). 

d. Some people term ionized gases a "fouilu state" of mauer called 
plasma. The term plasma is not yet strictly defined. Ask for a. report 
to the class on recent developments. ^ 
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e. Saturate about 50 ml, of water with potassium nitrate at a tem- 
perature of 60°C, Pour a thin layer into a petri dish on the-overhead 
projector, and allow to cool and crystyiize during the period. Discuss 
the ^effect of loss of heat (kinetic energy) on the formation of the 
solid state. 

/. Discuss recent developments in solid state chemistry, a new fron- 
tier (see reference 1R'2Q and appendix D). 



1.16. Chemical Symbols 
a. Symbols of the Common 

in the course a basic list of the 

These include: 

Aluminum—^/ 
Antimony — 56 
Barium — Ba 
Bromine — Br 
Calcium — Ca 
Carbon — C 
Chlorine — CI 
Chromium— Cr 
Cobalt — Co 
Copper— ^z/. 
Fluorine — F . 
Gold— 
Hydrogen—// 
Iodine — / 
I?bn---fe 
Lead^P6 



Elements. Pupils should master early 
symbols of the most common elements. 

Magnesii!"» — Mg 
"Manganese— A/n 
Mercury— /fg 
Nickel— yVi 
Nitrogen — /V 
Oxygen— 0 
Phosphoni:* /^ 
Platinum—/^/ 
Potassium- K 
Silicon — Si 
Silver— 

Sodium- -Nil ^ 
Strofttium — Sr 
Sulfur — S 
Tin — Sn 
Zinc— Z/t 
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b. Quantitative. Stress that the symbol: 

• Identifies the element 

• Represents one ^tom of the element (if tlie context implies this 
' usage) 

• May represent one "standard quantity," or mole, of the element 
(if such is in^lied in the context) 

c. Isotopic Symbols. Point out the growth of a new symbolism in 
our day although usage is not Vet uniform. Radioactive hydrogen, 
tritium, for example, may have the symbol, 7, H\ zH^ or 'H, Inclusion 
of atomic numbers with symbols is redundant to experienced chemists, 
but is uDcful to pupils in any inrroductory course. 

1.17. Formulas 

u. What the Formula Represents. The formula is a shorthand 
understood by chemists of all nations. It is a qualitative expi'ession for 
a compound, as the symbol is for the element. It is even niore quantita- 
tive than a symbol. The formula:* 
f • ^Tells how*many atoms of each element/ are present 

^# May represent a complete moieciile (for example, CH^) or a ratio 
of ions (for example, NaCl) 

• M/ay stand for one molecule, one molecular weight, one formula 
Vcight, or one mole quantity 

• May tell little or nothing about stmrturc (for example, Na2S04) 
or may reveal eomething about how the atoms are arranged (for 
example, CHjCHaCHa) 

Note: Jwo systems of nomenclature are used throughout the handbook 
since no one system has been adopted universally. For example, CuSO* 
is referred to as either (1) cupric sulfate or (2) copper (II) sulfate. 

b. Writing Chemifeal Formulas. From red and blue cardboard 
cut three red and three blue 4-inch circles. Label one red circlr A^a, 

i the second Mg and the third Al, In a similar manner label the blue 

symbols 0, CI and Si From felt make seven blue and three red l-inrh 

[ circles, three blue pluf f-f) symbols and three red minus ( — ) sym- ^ 

I hols (see appendix 8-3) . 

' Refer the pupils to the Periodic Table, and paint out the electronic 

\ ' strucliire, mention that tlie formation of a compound depends upon 
[ the rearrangement of the electrons in the reacting atoms so that' each 

atom can haye completed shells. Call all the atom, except the valence 
I . electrons, the core. Point out that the core of an atom contains com- 

[ pieted shells in addition to the nucleus. The electrons in the incompleted 

shells are called valence electrons. . 
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Place the circle representing the sodium core and a red circle 
(valence-^eleCtron) on the ^Slt board. Then put a chlorine core and 
seven Mue electron circles on the felt. Remind the pupils that the 
cardboard circles contain only completed shells aid that ring com- 
pleteness must be obtained for lill atoms undergoing chemical action. 
Ask the pupils to suggest a way to obtain completed ring structure 
for the sodium and chlorine atoms represented on the felt board. Then 
transfer the red circle Over to the area where the blue electron circles 
are. Using information found on the periodic table, have the pupils 
figure out the electric charge that has been placed upon each atom 
as a result of the electron transfer. Place the charge by each ion on 
the felt board. Relate the shifting of electrons to valence and oxidation^ 
number. . 

Note:' A distinction between the terms valence and oxidation number 
may be found in recent high school and college chemistry texts. On 
the chalkboard using oxidation numbers write the formula for sodium 
chloride. Compare the i'nfdnnation given by the formula and by the 
materials lin ihe felt board. 

Using the iabove procedure, develop the formulas for sodium sulfide, 
magnesium oxide, magnesium chloride, aluminum chloride, aluminum 
sulfide and aluminum oxide. (At this point the teacher may choose 
to represent the sulfur molecule as composed of one atom instead of 
eight.) , 

When using fi?e felt board it is not advisable io select atoms having 
more than one oxidation number since it is diflBcult to illustrate the- 
reason that some elements have more than one oxidation number 
(oxidation state) in thi& situation. Orbital and subshell diagrams prove 
to be jnore effective in explaining why the reaction occurs. 

c. Mathematical Applications. When the writing of formulas 
and the concept of molecular or formula weight are understood, it 
is suggested t^at appropriate mathematical applications beMntroduced. 
Pupils should continue to make these applications whenever possible 
throughout the course. (See appendix E.) 

m 

(1) Calculate the jorniula weight of (NHJcSO^. 

Weight of 2 atoms of nitrogen 2 x 14.01 = 28.02 
Weight of 8 atoms of hydrogen =^ 8 x 1.008 = 8.064, 
Weight of 1 atom of sulTur = 1 x 32.07 =" 32.07 
Weight of 4 aloms of oxygen =^ 4 x 16.00 = 64.00 



Formula weight 



= 132.154 = 132.15 
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(2) Calculate the^ percentage of oxygen by weight in KCIO3. 
Weight of K ^ 1 X 39.10 = 39.10 
Weight of CI = 1 X 35.4^ ^ 3546 
Weight of 0 = 3 X 16,00 = 18.00 



122.56.- 122.56 • . 

Percentage of oxygen ^ — 39.15^c 

(3) Calculate the weight of oxygen in 100. 0 pounds of KCIO^. 
Percentage of oxygen by weight = 39.15% (see previous 
problem) 

Amount of oxygen^= 100.0 lb. x 0.3915 ^ 39.15 lb. 

(4) The composition by weight of. a compound is 85.7 percent 
carbon and 14.3 percent hydrogen. The molecular weight is 
56. Determine the fc^mula: 

85.7 ' 

hydrogen = -j-^ =z 14.3 

carbon 7.14. mn 1; , • 1 . 

^- 499 rr: (approximately) 

hydrogen 14.3 - 1 1 ^ / 

In the formula the ratio of carbon atoms to hydrogen atoms is 1 :2. 
The formula may be CH., C3H0. C4H8, C3H10 and so on. Of 

these, QHh has a molecular weight of 56. 

An alternate approach might be: 

earbon = ^ = 7.14, LOC 

hydrogen = = 14.3. ^ = 2.00 • 

Note: Ratio of atoms must be whole numbers. 



1.18. Working with Chemical Equations 

a. Writing and Balancing Chemical Equations. -The ' need for 
balancing equations can be understood easily by pupils' when a felt 
board is used to illustrate the process (see appendix 3-3). 

Prepare the materials aeeded for using the felt b<5ard. Qut out six 
3 X 5-inch felt rectangles; three blue, two red and one brown. Make 
six gray and six yellow circles about 1 inch in diameter. Print a set 
of cards, or.c card for each formula or coefBcient that is to be useu 
in sample equations, two cards with arrows and two cards with plus 
' symbols. 
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Illustrate tlic equation for reacting aluminum and sulfur. (For 
■ simplicity the teacher may clioose to represent the sulfur molecule as 
composed of one atom instead of eight.) Place o., tbe felt board the' 
'red rectangle. Show it stands fir an, aluminum molecule l.y placing 
the foripula card below it. Then arrange a gray circle on the red felt 
to ^how that the alummum must have one atom per molecule. 1 oinl 
out that 'the Jormula also shows one atom l.er molecule. In a similar 
manner arrange a blue rectangle with a yellow circle to illustrate 
the sulfur molecule, and label it with the fojmula card., Put a plus 
symbol and arrow in the proper position to indicate a reaction is 
occurring between the Telt .molecules. Next put the brown rectangle 
on the felt board, and ask the pupils to tell, the name and formula of 
the substances formed. Identify the brown figure with a formula card. 
Note that three yellow and two gray circles must be added to the 
brown rectangle tefore it can represent aluminum sulfide. Require g 
the pupils to suggest the only way of obtaining these circles. Then 
place the extra rectangular molecules before the arrow, and transfer 
the circles to the brcvn felt. Note that all the atoms r^equired to 
produpe aluminum sulfide have been supplied by the combining mole- 
cules Count the number of red aluminum rectangles, and place a 
corresponding coefficient card in front of the aluminum formula card 
Repeat the process for the other two materials, and complete the card 
equation by adding the plus sigi'i and arrow. Draw the l.upils' att^^n- 
tion again to the fact that the reaction has used all the atoms that 
originally were in the reacting molecules and that a definite amount 
of molecules was needed to sul^ply the required number of atoms. 
Show how coefficients can be used tp describe the number of molecules 
' ' and to figure the number of atoms involved in the reaction On the 
chalkboard wiile the equation in the usual' manner and balance it. 

Among other equations that can be illustrated, those for oxygen 
and aluminum, oxygen and magnesium or chlorine and sodium are 
effective examples for felt board presentation, of oquat.on writing. 

If double or single replacement reactions are used for examples, 
extra sets of different colored rectangle(s) and circles will be needed, 
b Mathematical Applications. When the balanced equation Is 
. understood, the typical ivcight-weiglu problem should be introduced. 
Appro£rfate problems should be solved throughout the entire course. 
What weight of hydrogen is produced when 150.0 grams .o{ zinc 
react completely with an excess of hydrochloric acid? 

' Zn + 2Ha ZnQ, + H. 

Substitution in the balanced equation results ih the following re- 
ci lallonships: 

' o ■ ' 32 ' • ' 

ERIC . , 



^2' CHEMISTHY HANDBOOK 

weight of Zn ^ vveight q.f H3 

equation weight of Zn equation "weight of Hn 

150.0 g m. _ X 

. 65.38 " 2.016 

V 2.016 X 150.0 gm. ^ . 

X ^ 65:38 - ^^-^^^ Sni. 

X. Further Mathematical Applications. When the concept of the 
mole and its equivalence to 22.4 liters of a gas are understood, further 
applications are possible. C 

(1) What volume of hydrogen is produced when 150.0 grams of 
o'zinc react completely with an excess of hydrochhrjc acid? 
Zn -f 2Ha -» ZnQs + 
weight of Zn ^ ^ volume of.Ha 

jjram molecular weight of ZiT ~ gram mcrfecular volume of 
150.0 gm. _ . X \ 
' 65.32 gid' 22.4 i. * 

22.4 1. X 150.0 gm. 
X - ^Fo^ — ^ = 51.4 1. 

OD.dZ gm. • 

Note that this method is an extension of the problem in b aboye in 
which the volume of the 4.624 gm. of hydrogen is computed. 
2^016 im. 4.624 gm. 
22.4T~ ~ 
X = 51.4 1. 

(2) What volume of hydrogen will combine with 40 liters of oxygen 
to form water vapor? 

2H2 + 0, 2H,'0 
The equation states that 4.032 gm. { U.8 1. or 2 moles) of hydrogen 
react with 32.00 gm. (22.4 1. or 1 mole) of oxygen Ao produce 36.03 
gm. (44.8 1. or 2 moles) of water vapor. 

One of three possible reialionshipc is: 
volume of Hg _ volume 0/ O2 _ x 40 1, 

, moles of H, ~ molecT^OT ^ 2 mol5 ~ Trii^ie • 
X = 80 1. 

*(3) Calculate ihe approximate density oj oxygen gj[ 
22.4 1. of uAvgen gas ((),) weigh 32.00 gm. 

density =: ^/-^ = 32^00 gm, ^ 

^ volume' 22.4 I /^-^IS"^-/ 
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(4) What is the weight of one mole df^ a gas if 400 ml. of the ^as 
weigh 0.607 gm. at S. T. P.? 
weight _ gram molecular weight 

volume gram molecular volume . 
400 ml. = 0.400 1. • 
>607 gm..j ;_ X 



.400 I 22.4 1. ■ • 

X = 34.0 gm. ^ . ^ 

«^ . . « 

1.19. Physical Caianges 

Physical changes arc those in ^hich the identifying properties of 
substance^ remain unchanged, lliere may be a change" in form, state 
or energy lev^J. jOemonstrate that no permanent change occurs in the 
properties of the substance during physical changes. 

a. Place 100 ml. of water in a 250-ml. beaker. Cover with a watch-" 
glass and litzt. Call attention to the condensation of steam back to 
wate^. 

6. Dissolve sugar in a"' beaker of water. Recrystallize the sugar by 
evaporating water from the solution. This may be speeded up by 
placing some of the solution on a watchglass and heating it gently. 

c. Break a wood splint. Ask pupils to identify the material in each 
part. • o 

</. Magnetize a nail by stroking it with a permanent magnet. Demon- 
strate its new magnetic properties with iron filings. Heat the nail 
gently to demagnetize. 

e. Tear a piece of paper into .sections, or stretch a rubber band to 
illustrate' k change of shape but not of properties. 

/. Sublime some naphthalene (mothballs) or some paradichloro- 
benzene. 

g. Sublime some iodine crystals by heating them gently in an 
evaporating dish covered with a watchglass or inverted funnel. 

1.20. Chemical Changes ^ . 

Chemical changes are those in which new substances with new 
characteristics are formed. These changes may result from (1) thp 
combination of atoms, (2) breaking down of complex substances into 
simpler compounds and (3) compounds that may react with other 
compounds or elements to form different compounds. 

a. TEACHER DEMONSTRATION ONLY: On an asbestos pad, 
heap a 20-gm. pile of ammoniufn dick]^^ Ignite it with •a bunsen 
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burner. This makes a small "volcano" with the formation^ of the green 
chromium oxide. If the room is darkened, this reaction makes an 
effective and spectacular demorfstration illustrating chemical change. 

b. TEACHER DEMONSTRATION ONLY: Place inch of sugar 
in a beaker and cover it with concentrated sulfuric agid (see diagram 
1.206). Compare the properties of the sugar before the reaction 
(white, soluble) with the properties of the residue (black, insoluble). 
CAUTION: Must be performed under the hood, ^ 



Cover 

wri-h 

concenl•ro^ed 
sulfuric 
acid 




Carbon 



Suqar 




1.20b 



c. TEACHER DEMONSTRATION ONLY: Mix thoroughly 2 gm. 
of flowers of sulfur and 1 gm. of zinc dust. Heap the mixture onto an^ 
asbestos mat ani place a 2-inch length of magnesium ribbon upright 
in it. Ignite the magnesium ribbon by means of a burner. The burning 
fuse provides a second or two to depart before the mixture erupts in 
a spectacular combustion. CAUTION: Perform under the hood, 

d. Place a clean strip of iron or an iron nail into a saturated solu- 
tion of copper sulfate. The 'iron is plated with copper, and the color 
of the solution changes. 

e. An excellent example of a chemical change involves^, examining 
a few $Jrystals of common salt (ccdium chloride) and noting the physical 
characteristics. Add a few drops of silver nitrate solution to a salt, 
solution, and note the white precipitate which turns dark, upon ex- 
posure to direct sunlight, > ^ 

1.21. Difference between Chemical and Physical Change 

C|it a piece of clean magnesium ribbon, 3 to 4 iricl^es in length. 
Demonstrate its physical properties to the class: color, flexibility and 
insolubility. 




s ' ^ 
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t Using^ chemical tongs, hold the magnesium ribbon in a bunsen flame. 

4 Call attention to the intense light Emitted, heat evolved and the prop- 
erties of the powdered residue. CAUTJON: Do not look at the intense 
light except f^r a very J)rief moment. 

1.22. Energy Releases During Chemical Change 

a. Heat Energy Release. TEACHEr ' DEMONSTRATION ONLY: 
The purpose of this exercise is to show that the union of zihc arid 
iodine produces h^at energy. CAUTION: Perform under hood. ^ 

Prepare a zinc-iodine mixture in a beaker by grinding together 
14 gm. of iodine crystals with 2 gm. of zinc grains or zinc dust. Use 
a vertical tube containing ether. A jet is inserted at the top of this 
tube (see diagram l.22a) . Add exactly 3 ml. of water to the powdered 
mixture of iodine and zinc; this amount of water is critical. The heat 
generated will vaporize the ether. Ignite the ether at the top of the tube, 

b. Electrical Energy Release. Prepare a voltaic cell according to 
diagram 1.226. The porous cup contains 80 ml. of a 15 percent solution' 
of potassium iodide. The cup should l)e soaked in a potassium iodide 
solution about 30 minutes before use. The cup is placed in a 400-ml. 
beaker which contains 140 ml. of a 15 percent solution of potassium 
iodide. .A. bout 14 crystals of iodine are added to the porous cup with 
stirring. 



Ehher- 



— Iqnihe here 



Tlashllqhh 
bulb 



Add wakr C^*^^^^. "^^^-^ 



-Mixhure 



Beaker 

KI 
Iodine 
cryBrals 




i.22a 



l.22b*^ 



The electrode in the cup consists of a carbon rod; it should he stirrrd 
into the excess iodine crystals on the bottom of the cup to insure f;ood 
con fact. The other electrode consists of a^ strip of zinr. Battery clips 
from the electrodes lead to an external circuit which con sis is of an 
incandescent light bulb. A 1.1, 2.2 or 3.8-volt bulb required for a 
flashlight will prove satisfactory. /When connected, the bwlb lights 
immediately, showing that the ce\\ is producing electricity. 
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Conservatiion of lHass in a Chemical (Change 

The apparatus in diagram 1 . 23 effectively shows that no loss in mass occurs 
during a chemical reaction and a| the same time eliminates a remassing 
operation. (See also activity 6.14a.) . 

•A large U-tube and a dropping funnel are its essential components. The 
tube and the funnel hold solutions that will react with each other vyhen mixed, 
such as lead nitrate and potassium chromate. This apparatus is suspended 
from one arm of a counterpoised balance, and the stopcock is then opened. 



Dropping funnel 
Pb{N03)2 




Large U-t-ubc — = 



1.23 

1«24. Endotheri]^cl{eactions 

A reacti9n in which heat is absorbed is an endothermic reaction. 

*a. Use the decomposition of mercuric oxide (Priestley's classical 
experiment) to illustrate this type of reaction. Heat with a bunsen 
burner 1/^ teaspoon of mercuric oxide in a pyrex test tube. Test the 
gas evolved "with a glowing splint. Call attention to the mirror of 
mercury (globules of Hg) formed on side of test tube. 

6. On a wet block of bard wood (2 inches x 2 inches x % inch), 
place a 250-ml. beaker containing approximately 50 gm. of ammonium 
nitrate. Add 50 ml. of water while stirring vigorously. The beaker 
will freeze to the block of wood. | 
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c. Place 50 gm. of crystalline sodium sulfate ill' a 250*ml. beaker. 
Add 25 ml. of concentrated hydrochloric acid, and record the tem* 



perature change. The temperature will drop from about 20 
about --5^C. 



C to 



1.25* Exoihermic Reactions 

A reaction in which heat is liberated is an exothermic reaction. 

a. Fill a collecting bottle three-fourths full of hydrogen gas. Permit 
air to mix with the hydrogen for several seconds and then ignite the 
mixture with a burning splint. The ''pop" indicates that a chemical 
reaction has taken place with the release of energy. Ordinary illuminat- 
ing gas direct jfrom the gas jet may be substituted for the hydrogen 
. gas with the same results. CAJJTION: Wrap bottle in towel. 

h. Burn a wood splint^ bum a cube of sugar, and eat a^cube of 
sugar in front of the class. In all three cases a chemical change has 
taken or will ijtake place in which enc^tgy is released. Discuss these 
changes. 



Changing Chemical^ Ene;rgy to Electrical Energy 

Place a strip of copper and a rod of pure zinc in a beaker con- 
taining dilute sulfuric acid (acid:water = 1:6). Connect the two 
metals to a galvanometer as shown in diagram 1.26*' The deflection 
of the galvanometer needle indicates that there is a flow of electrons 
from> one metal to the other. Note: If impure zinc is used as an elec- 
trode, bubbles appear, indicating a reaction between the zinc'and the 
acid. When the circuit is completed through the galvanometer, bubbles 
will appear on each electrode. 




Zinc 
DiLHzSO-f-P 



Copper 




lamp 

Carbon 
anode 



i.26 



1.27 



Carbon 
cal*hode 



tlydroqcn Cu S04Solr4Miv»-Copper 
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1.27. Absorption of Electrical Energy 

The electroplating of a metal illustrates the absorption of electricai 
energy. To plate with copper, use a saturated solution of copper sulfate. 
A three-molar solution of silver nitrate is satisfactory to illustrate silver 
plating. Any source of direct current from 6 to 40 volts is adequate. 
Xhe cathode may be chemically cleaned by dipping into an acidified 
bichromate solution- and then rinsing it. A lamp in series with the 
apparatus will show wheiv the circuit is closed (see diagram 1.27). 
Four 1.5- volt dry cells and a miniature lamp all in series produce 
excellent results. Reverse the direction of current and observe result. 

L28.^^ Absorption of Mechanical Energy 

a. Grind some crystals of silver chloride vigorously iix a mortar. 
Silver metal and gaseous chlorine are formed. Note the o^or. 

6. Grind together some solid mercuric nitrate and solid potassium 
iodide. The change in color indicates a reaction. 

1.29. liberation of Light Energy 

o. Demonstrate any example of rapid oxidation such as the burning 
of magnesium ribbon or burning of wood.^ (Caution pupils not to 
look directly at the burning magnesium.) 

6. Use any of the examples given in activity 1.22 in which chemical 
energy is converted into bbth heat and ^ight energies. ' 

c. Dry some corn starch over a register or gentle he*at. Place about 
1/^ teaspoon into a rolled sheet of paper and blow dust directly into 
a bunsen flame. Lycopodium powder may be similarly employed. 

1.30. Chei|iilutnines(cence 

Mix equal volumes of the following in a^ 1 li|er flaSljj: 3 percent 
hydrogen peroxide, 0.01 molar solution of pyrogallol and 0,01-molar 
solution of potassium permangapate. In a darkened room, the mixture 
will glow for a short time. 

1.31. Absorptipn of Light 

a. TEACHER DEMONSTRATION ONLY: Collect a pyrex test tube 
half full of chlorine and half full of hydrogen using the usual water 
displacement procedure. The two gases do not combine unless exposed 
to a source of intense light. Next bring a burning piece of magnesium 
ribbon near the test tube. The hydrogen and chlorine will combine 
VIOLENTLY to form hydrogen chloride. The HCl will dissolve readily' 
and the test tube fills with water (see diagram 1.31c). 

39 
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_/Burninq Mq ribbon 



Pyrcx hesh l"ubi 



Wire ncl*h'nq 
Mixture H2 &.CI2 

■ r- ■ • 



-\/\/a^Gr t-rouqh 



l.5la > ^ 

CAUTION: Cover test tube wit^ a protective mantle of fine wire 
netting; Use glove when bringing burning magnesium near test tube* 
b. Obtain a sheet of "studio proof photographic paper. Tfiis paper 
may be handled m Ordinary light. Covef % sheet ^vith an opaque 
material or a film negative, and expose to either direct sunlight for 
three to four minutes or to a 4-inch piece of burning magnesium 
ribbon. Note darkening effect produced by the absorption of light. 
The paper :will gradually darken on further ani,£^tinued exposure 
to light. ^\ 
i.32. Chemical Changes May Alter Propertltes 

Mix 7 gm. of irpn powder or iron filings and 5 gm. of powdered 
sulfur. Test the mixture with a magnet and point out th£|t thft iron 
and sulfur may be separated in the mixture. Pour the mixture into 
a pyrex test tube ar*^ support the test tube in a clamp on a ringstand. 
Heat the mixture gently at first and then strongly. Keep the flame in 
motion so^ to heat the tube . uniformly. When the contents of the 
tube begin to^glow, remove the heat and call attention to the •evidence 
of a chemic^ change. When the tube ia uool, wrap it in a piece of 
cloth and bre^dc it with a hammer. Test the mass with a magnet to 
show that /a rfe^- nonmagnetic substance, iron sulfide, has been formed 
.(see diagram 1.32). . ' ' 
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Original mixhure 



1.32 



New compouncl 



1.33. Conservation of Matter 

a. Counterbalance a suspended photoflash butb on a balance. Ignite 
the bulb with wires connected to a 3-volt source (two dry cells in 
series) without removing the bulb from the balance. Call attention 
to thq evolutipR of heat and light with no evident change in* weight 
(see aiagram 1.33a). Note: The larger size photoflash bulb, No, 11 
or Nq^ 22, is suggested. 

CAUTION: Chech hulb for craclcs in the ghiss; do not use a defective 
pholohiilb since it may explode, „ 



Wires conncched 
Yo 3rV source 




1 1 or **22 
Phoroflash 
lamp 




Lead 
shot- 
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6. Refer to the historical experibent^ of Lavoisier in which he (1) 
oxidized a weighed amount of mercury and then obtained the same 
weight of mercury by the decomposition pf the oxide and (2) oxidized 
tin in a closed system and found no change in weight. * 
CAUTION: Mercury vapor is poisonous. 

c. Place some lead nitrate solution in ah Erlenmeyer flask. Insert 
into this flask a small test tube containing potassium dichromate solu- 
tion. Stopper the flask, and counterpoise it on a beam balance. Now 
tip the flask, upside down so that the two liquids mix. A yellow pre- 
cipitate results indicating a cheijiical change. Replace the flask and 
the contents on the balance to show that no change in weight has 
occurred (see diagram 1.33c Note: Solutions of barium chloride 
and sodium sulfate may be substituted for the reactants. A white 
precipitate will result. 



Pb(NQ 



"Rubber si'opper 





1.53c 



J. Ignite a bundle of matches contained in a counterpoised sealed 
flask by heating the outside with a clean bunsen flame. The mass of ^e 
substances involved remains the same before and after the reaction (see 
diagram 1.33J) . The tips ot the matches should touch the bottom of 
tife flask. 
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bunscn flame 
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1.34. Using Raw Materials « 

Have pupils prepare charts or flow sheets indJcatirig relationships 
between end products and the raw materials used in their manufacture. 
'The following is an example: 

• Production of nylon (coal, air, water) or "orlon" (coal, air, 
water, petroleiim, natural gas) * 

• Products produced from crude oil (see chart below)* 

• Products obtained from soft coal 

• Chemicals from rock salt (see chart below) 

• Products from limestone (include products made from«acetylene) 

• The story of cellulose (see diagram 1.34) 

• Sulfur, the basic raw material of industry ' 

A further illustration is shown in the chart below. 

^ Ro ck Sa lt Products P 

. i . ^ 



Sodium 

Sod:'^ ; peroxide 
^ Bleaching agents 

Sodium peibortte . 

Pharmtc'euticals - 
^ Dye fixation 



Synthetic detergents* 

TetraethyMead 

Dyes 

Special alloys 



Chlorine 
Hypochlorites 
^ Chlorates 
Water treatment 
Hydrogen chloride 
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Zinc peroxide 
Bactericide 
Cosmetics 

Calcium peroxide 
Commercial baking 

Magnesium peroxide 
Phannaceuticals 



Heat <itj;ansfer 
Sodium Bulfocyanide 
Metal cyanides 
. Sodium cyanide ' 
Sodium carbonate 
Sodium bicarbonate 
Sodium hydroxide 



Chloroform 
Freon refrigerants 
Carbon tetrachloride 
Chloroprene 
Vinyl chloride 



I 

Primary Products 

Fuel Gas ^ 

Gasoline 

Kerosene \ 

Lubricating Oils 

Vaseline 

Paraffin 

Tar 

Petroleum coke 



Crud e Oil Products 
I 
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Polymerization 

Increased gaso* 
line yields 

Synthetic 
~ - gasolines 



[ 

Alkylation . 

Alcohols 

Butadiene 

Ethylene 

Increased \ 
gasoline yields 



Hydrogenation 

Aviation 
gasolines 



Nilro cellulose 

Explosives 
PlasHcs Lacquers 



Cellulose Accl'a^c 
Rayon Rim 

Plas^^cs 



Cellulose 

Acehal-c 
Bufyrahe 

CoaWnqs 
Plashes 



CqUxdh Threads 



Vulcanized Fiber 
Cases. Gears 




Viscose Rayon 
Cellophane 

Sponges 



El-hyl Cellulose 
'Plasf-los Coahinqs 



Carbox~nncl"hyl- 
ccllulose Deherqenrs 

ParchmfenI- Paper 
Diplomas Records 



I.S4 



* 4* CHEMISTRY HANDBOOK 

1.35. Chemical Industries f 

Have pupils make a list of 'inciiistries in the area which are largtf 
users of chemicals. Provide for plant visitations. A profitable visit to 
a local chemical industry could prove a valuable experience (see 
appendix C), Inyite representatives of industry to speak to your chemis- 
try classes. Modify the following chart to emphasize the lo^al use of 
chemicals: • 



Industry ^ | Chemicals 
1 Used 


Purpose 


Products 
Produced 




^ 










J0 
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1.36. Chemistry and Conservation of Waste Products 

Modern industrial technology mak^ ^se of many substances formerly 
considered as waste products and/or have devised new uses for materials 
in short supply. Illustrate with examples familiar to the pupils: 

• Wl^ere SOa previously devastated the countryside, it is now con- 
verted into the useful sulfuric acid at copper, zinc and lead 
smelters. 

• As a byproduct of the Solvay process, calcium chloride was 
dumped into Onondkga Lake. It is now used to melt snow and 
ice on city streets, keep dust down and to serve as a dehumidifier. 

• The recovery pf silver and gold from the sludge produced in 
the electrolysis of copper is a profitable source of revenue, 

• The shortage of lead is leading to the use of lead-plated metals 
in storage batteries. 

• The slag from the blast furnace is used for roadbuilding mate- 
rials. 

• Technetium, the synthetic element found in the products of 
uranium fission, is used to inhibit the oxidation of iron. 

• Calcium metal and calcium alloys are used as deoxidation sub- 
stances in the preparation of high-quality steels, 

• Solvents are recovered in the dry cleaning process, 

• Zinc instead of nickel is used in coin nickel. 

• Chlorine is used to recover tin from scrap metal. 

• Experimentation is being done with the digestibiUty of sawdust 
to produce cattlefeed. 
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• Cellulose sponges are used to replace the natural product. " 

•*^The Fischer-Tropsch catalytic process provides synUietic petroleum. 
' Gasoline yield from oil is increased by cracking, h]^drogenation 
c anchpolymerization. ^ 

/ • Mcthan^, previously made' from wood, is liow produced synr 

theticall]^. y . * 

* 
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The Atomic Structure of Matter 

2.01. Introduction to Atomic Structure 

'"Baily, more and more facts and theories concerning the structure 
of the atom are being Reported in scientific literature and in jhe 
prejs. It has become necessary for most teachers of an elementary 
chemistry course to present the historical details, (prior to- about 1920) 
in a condensed form and stress only the highlights of the discoveries. 
De|:^ls^ of experiments, theories and ' biographical data, regardless 
of the^ interest and importance, must of necessity be reserved for 
tho^pupils who can best profit from such study. The chemistry teacher 
must also educate himself continuously coricerning modern atomic 
theory arfd interpret tQ the. pupils thfe major result of changes in the 
theory. A detailed, mathematical study of the many recent advanced 
must, for practical reaso'ns, be reserve^ for advanced chemistry 
courses (see bibliogiMhy). 

This area differs m^m otj|j^ers in this handbook mainly in that it 
attempts to provide material which has been digested from a variet^f 
of sources and to give relatively simple answers to questions conmaonly 
asked. Various methods of presentation and associated visual devices 
^re suggested frqm which the teacher may select material suitable 
to the abilities and future needs of the pupil. Develop an^introductory 
discussion for the class through the use of an outline. 

2.02. Existence of Atoms and Molecules 

Numerous experiments in the last two centuries have left little, i{ 
any, doubt that atoms really exist and that they are small, approximately 
of the sam^ size, and are in motion. A variety of demonstrations can 
provide evidence of the kinetic-molecular theory which in turn will 
increase the understanding joi atoms. 

, a. Saturate a smali--piece of cotton with ether or ammonia, and 
place it in a dish. After a short lime ask pupils to explain what oc- 
curs. 

• [47] 
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6. Uaing a thistle tube, half-fill several colorless glass medicine 
bottles witii a 4 percent solution of gelatin. Take care to keep the 
gelatin from touching the upper part of the bottles. When the gels 
have set, fill the remaining space of the several bottles with solutions 
of potassium chromate, cobalt nitrate or of soluble dyes suck as magenta. 
Stopper the bottles. Stand some bottles u^neht, clamp others upside 
down, lay :some on their sides. Have pupils observe in what directions 
the color advances. ^ 

c. Fill two similar Leakers nearly full of water.. The water in one 
should be at room temperature and in the other nearly at the boiling 
point.^upport two thistle tubes upright so that the tubes extend down 
the center of each beaker to about % inch from the bottom (see 
diagram 2.02c). Drop a few crystals of potassium permanganate down 
each tube. Observe the differences in the rate of diffusion. 

d. Repeat or review a Brownian movement demon5tratit)n (sec 
activity 3.54) . • 




2.02c 

2.03. Historical Development of the Atomic Theory 

The study of the development of the theories of atomic structure 
can be divided into approximately three periods of time. 

(1) The period from at least 500 B.C. to abotit 1800 represented 
slow, negligible development of a theory mainly on a qualitative 
Jbasis. The period ended following John Dalton's quantitative work with 
gases and^ his statement sthat indivisible atoms make up matter and 
that the atoms of lany one element are identical to eacdi^other but 
different from atoms of another element. Interested pupils may wish 
to study the works of Aristotle, Democritus, Lucretius, Boyle, Newton 
and Dalton (see references 2R-1-3). 




THE ATOMIC STRUCTURE OF MATTER ^9 

(2) The period from about 1800 to the statement of Niek Bohr*s 
Theory (about 1915) represented a more rapid advance in under- 
standing atomic structures. The principal research tools were the 
X-ray, the apectroscope and atojoic particles. During this time some 
major discoveries were those of the electron and proton, and also the 
prediction of the neutron (discovered . in 1932). This research cul- 
minated in the description of the Bohr-Rutherford atom as consisting 
essentially of a relatively hea^ry, positively charged nucleus surrounded 
by revolving electrons in one ,or more circular orbits at prescribed 
distances from the nucleus. This theory was proposed to explain various 
spectroscopic *data. ' , 

During this penod important di%overies were made or theories 
were presented by Avogadro, Prout, Mendeleef, Roentgen, Moseley, 
Planck, Thompson, Chadwick, Rutherford and Bohr. Their work is 
discussed in most high school textbook?. Additional details may be 
found in advanced textbooks and in references 2K-4-6. 

(3) The period from 1915 to the present is characterized by an 
intensive study of the nucleus and by various attempts to explain the 
probable positjona'of the electrons. During this period of quantitative^ 
study the rate at which theories have been proposed and discoveries 
^ave-been made has increased exponentially. In addition to the basic 
research tools of the preceding period, apparatus such as the cloud 
chamber and accelerators has been especially helpful (see references 
?R-7-8). 

2.04. Size of Atoms 

The field ion microscope and X-rays are two of the indirect methods 
used to determine the diameters of atoms. Measurements, by various^ 
devices indicate that atoms of different elements have different diameters 
but that the diameter of any atom is approximately 10-» cm. 

X-rays and other probes have been used to determine the size and 
shape of the nuclei and electrons of the,atom. These studies indicate 
that both the nucleus and the electron have, a diameter of approxi- 
mately 10-" cm. These data may be more readily understood by 
visualizing the hydrogen atom as a golf ball (nucleus) and a ping- 
pong ball (electron) revolving around the nucleus about 1,000 feet 
away. It is clear that the atoms consist mostly of "empty" space. 

2.05. Use of Probes 

The use of analogies may help pupils to understand how probes 

can be used to give indirect information concerning the size, shape 

and location of obstructions or vacant spaces in atoms. After the 
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analogies are understood, the pupils should be able to make reasonable 
conclusions based on hypotflltical observations. Some analogies follow. 
A blind person Qften uses a cane to determine the location of a 
or an open door. Although not practical, he could also throw 
tennis: balls in each direetfon. The presence or absence of an obstruction 
could .be determined By the presence .or absence of ricochets. 
^ b. Mound the edges of a table or desk, place books or any obstruct 
tion to prevent objects rolling from the table. In the center of the table, 
place at different times a sphere, of relatively large mass and volume 
(a billiard ball), a sphere of relatively small mass and volume (a 
" marble or iearing), and a cubical block of wood or another object with 
a flat surface which can be fixed in place. From "various places along 
the edge of the table, roll similar spheres (marbles and billiard bafis) 
at random across the table. Observe particularly that: 

• There are relatively few hits regardless of the size of the ob- 
struction. 

• There are relatively few, but more, hits if either the rolled sphere 
or the obstruction is larger, 

• When the obstruction is spherical, the ricochets occur about 
equally in all directions. 

• When the obstruction is a plane surface, the directlQns' of the 
ricochets are more limited.. 

• • When the small sphere strikes the large sphere, fhe former re- 
bounds while the latter is hardly affected. 

J • When the large sphere stjrikes the small sphere, the motion of 
the former remains essentially the same while the small sphere is 
given a large velocity. 

2.06. The Bohr Theory 

' a. Background Material." Many • attempts. have been made to ex* 
plain how an excited atom radiates energy and why it radiates the 
particular frequencies that it does. The first acknowledged successful 
attempt was made by the Danish physicist, Niels Bohr, in 1913. 

Bohr stated that an electron could revolve in any <Jne of several 
orbits about the nucleus while obeying the ordinary laws of mechanics. 
He suggested that the prbits were concentric circles. These orbits are 
now denoted by letters K, L, M, N, 0, P . . . or by numbers 1, 2, 
3, 4, 5, 6. When an electron has been given a certain amount of energy, 
Bohr indicated it could move to one of the outer circles. Therefore^ 
the orbits regr^^ted paths of electrons having increasing energies 
with the el^tronSin the ^innermost orbit having the least energy. 
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Bohr also stated that the .energy radiiited by excited aton^'was 
the result of one or more electrona moviAg from an orbit of higher 
energy to one of lower energy M th^t th.e energy radiated was 
equal to the difference in the energy possessed- by the electrons before 
and after the moves. Diagram 2.06a shows some of the possible moves. 
He found it necessary to assume that the e|pctron does not ga* energy 
cotttinuously /in moying/from a lower orl&t to a higher on^ or lose 
energy contiiiuously wfen the motion is fri>m higher to lower energy 
level. He farther assumed that the gain ^or loss of energy was m 
discrete quintities called quanta. ^ } 



Nucleus 



,bs<!»rbinq eO'^'^qy 




2.06a 
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b Radii of the Bohr Orbits. Pupils adept at handling mathe- 
matical computations may be interested in determining the approxi- 
mate radii of Bohr orbits by using the foUowing formula (see appendix 
E-2 for instructions in the use of powers of ten) . 

r = Eon^h^ where r = radius of a given orbit of hydrogen 
~irme* meters 

n = quantum number of the orbit 

h = Planck's constant (6.62 x 10-" joule- 

m = maL of an electron (9.11 x 10-»> kg.) 
.e = charge of an electron (1.60 x lO"^* 
' coulomb) I 

Eo = 8.85 X iO-" coulomb' 

newton-meter* 

For the information of the teacher, the fcJlowing data indicate 
the approximate radii of the first three Bohr orbrts. 
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Orbit 


& --^ ' >^ ■ 

Approximate Radius 


n = 1 


5.3 X 10~** m. .53 X lO"* cm. 0.53 A* ^ 


n = 2 


Zl X 10-^'' 2.1 X 10-* cnu 2.1 A 


n '= 3 


4.8 X 10-" m. 4.8 X lO"* cm. 4.8 A 



♦10-«cm. ;=J^A 



2.07. Demoifstration Models of Atomic Strqcture 

For many purposes in elementary chemistiy, models of the Bohr- 
Rutherford atom serve quite well to ^illustrate atomic nun|)er, atomic 
weight, the principal Valences and many chemical combkations of 
atoms. Stress that the actual atom is three-dimensional an<f'that most 
of the orbits or orbitals are not circular in shape. 

To illustratQ the major components of the nuclei of atoiA^ of low 
atomic number, the individual protons, neutrons and electrons may 
be represented by colored tacks or colored pegs. As the nuiiiber of 
nuclear components increases, the individual components become t^Wrred 
and can best be represented by writing the totals in the nucleusior on 
circular pieces of paper which may be attached to the nucleus. ^How- 
ever, in the case of most of the atoms to be illustrated, th« individual 
electrons are so separated that they can be seen quite easily. Each 
device is a modification of diagram 2.07. / 

a. Draw circles on a 'large sheet of paper. Paste or fasten the paper * 
on tackboard or heavy cardboard. Use thumbtacks of three colors to. 
represent the particles. 
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6. For use with an overhead projjsctor draw circles on a §beet of 
clear acetate with acetate-type ink (available in art stores). With a 
paper punch, punch out the particles from pieces of colored acetate 
or cellophane. Static electricity helps hold, the particles in position. 
The entire set may be conveniently stored in an envelope. 

c. Obtain from, a builder's supply store a piece of masonite peg- 
. board approximately 4 feet on each side and wi^ holes % or 1 inch 
on center. Using a brush or ToHer which is practically dry paint 
each side with a light-colored paint. In the center of the board outline 
a circle of about a 4-inch radius. Outline four.additional evenly spaced 
concentric rings (1 inch wide) around the center. Paint the inner 
circle and the 1-inch rin^ with a contrasting cOlor for easy visibility. 
The final product resem^^ a target. Colored wooden pegs (obtained 
from elementary school supply houses) may be used to represent elec- 
trons. Note: The other side of »this board may be used for exercises 

described in activities 2.15 and 2.16. , 

■ f 

2.08. PupU Diagrams of Probable Atomic Structure 

^Pupils will, occasionally be required on local and> State examinations 
to represent the probable structure of atoms and ions, and to indicate 
f electronic changes which occur during the formation of clectrovalent 
compounds and covalent molecules. Although the pupil should realize 
that the probable arrangement of the electrons is three-dimensional 
and rather vague, .tjie two-dimensional diagram is generally satis- 
factory for elementary explanations and is easier to draw. • 

In order to prevent misinterpretation due to^ vague or crowded 
diagrams, a relatively uniform syste|:i of representation should be 
u§pd. Althous/h not recommended for this type of explanation, cor- 
rectly coded* representations of atoms showing subsEells of principal 
energy levels are acceptable. It is suggested- that acceptable diagrams 
include the following features shown in diagram 2.08. ^ 

• A title beneath each diagram such as "Sodium Atom" 

• The nucleus represented as a circle at least inch in diameter 
(see diagrams 2.08 a and b) 

• In the nucleus the numbers of protons and neutrons clearly 
indicated by number and code such as protons (11+ or IIP) 
and neutrons (12N) 

• The completed inner shells represented by dashed arcs or circles 
about inch apart with* numbers placed on each arc or circle to 
represent the number of electrons in each completed shell 
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• The outer (valence) shell represented by a dashed circle with 
a radius about ^ inch larger than the radius of the preceding 
arc and electrons in the valence shell clearly showm as solid 
circles or by "e" 

• The formation and structure of ionic compounds with an arrow 
indicating the shifting of the valence electron to its new position. 
The shifting electron (s) may be shown as solid circles in the 
original position and as open circles in the new position. Diagram 
2.08c represents sodium chloride. Pupils should understand that, 
in a crystal of sodium chloride, each sodium ion is surrounded 
by six chjoride ions and each* chloride ion is surrounded by six 
sodium ions. 

• The structure of covalent molecule? such as chlorine shown with 
the chlorine nuclei and inner shells as described above. The 
valence shells should be dashed circles which'^ intereect at two 
points with the common area being relatively small. The valence 
electrons in each atom should be shown as solid circles with the 
shared electrons being placed on the common area (see diagram 
2.0Sd). If the complete structure is not required in the question, 
only the valence electrons need be shown. For representations of 
valence electrons only, paired dots shown in many textbooks arc 
also acceptable. 

2.09. The Physicist and Atomic Structure 

The present theory of the probable structure of the atom has been 
developed mainly from theories of physicists and the interpretation of 
spectroscopic data! Details of this progress are available in many 
advanced textbooks. Teachers or pupils may wish* to investigate this 
topic by using the following higfiKghts in the development of the 
theory: 

(1) Planck's Theory and Constant (About 1900). Planck stated 
that energy is emitted from or absorbed by a body in certain discrete 
quantities. The energy is expressed as E = hv where h is Planck's 
Constant and v is the frequency of radiation. It is obvious that the 
energy of rauialion of HJah frequency (short wavelength) is grcalei 
than that of low frequency (long wavelength). 

(2} Photoelectric Effect. About 1900 Hertz, Thompson and others 
demonstrated that light of short wavelength caused the emission of 
electrons from metals. 

(3) Einstein's Photoelectric Equation (1905). Einstein explained 
the photoelectric effect by mathematical equations. The verification of 
the equation by Millikan, Compton and others ledyto general accep- 
tance of the existence of light quanta. 
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(4) Bohr Theory (1913). Bohr adapted the theories of quanta 
stated by his predecessors to his theory of atomic structure. The theory 
accounted for observed spectroscopic data and predicted additional 
spectroscopic lines. Their later discovery more firmly established the 
theory* ^ 

(5) Compton Effect (1923). Compton used the quantum theory 
to explain the change in wavelength of some X-rays striking electrons. 
He stated that X-rays \vere quanta and that the results of the colH- 
sions were similar to those of collisions of two billiard balls. His 
predicted results were later discovered experimentally and further 
confirmed the quantum theory. 

(6) Wave-Particle Duality (1924). Light phenomena can some- 
times be explained by assuming that light is composed of waves and, 
at other time:,, of particles. De Broglie assumed that fdrms of matter 
(such as moving electrons and protons) are also associated with waves. 

(7) Diffraction of Electrons (1927). Davisson and Germer dis- 
covered that electrons were diffracted by crystals as were X-rays, and 

r as described by De Broglie. They concluded that electrons behaved 
more like waves than particles, 

(8) Wave Equations (1925.33). De Broglie's^ work was ex- 
tended by Sdirodinger, Heisenberg and Dirac to an explanation of 
the wave motion of electrons by complicated mathematical equations. 
The theory describes certain regions where there is the greatest prob- 
ability of the electron being located. These equations involve quantum 
numbers identical with those postulated by Bohr. 

(9) Heisenberg Uncertainty Principle (1927). This principle 
states that it is impossible to determine simultaneously the exact posi- 
tion and motion of an object (see reference 2R-9) , 

2.10. Photoelectric Effect 

a. Cut and bend small "ears" on a 3-inch plate of zinc, so that it 
can be clipped direcUy onto the knol? of an electroscope. Clean the 
zinc with sandpaper immediately before using it. Charge the electto- 
scopc \-i± the zinc attached, and observe the rate at which the charge 
leaks off. Illuminate the zinc with light from a carbon arc spotlight, 
and observe that a positive charge is unaffected >ut that a rfegative 
charge is quickly lost. Since zinc is sensitive to ultraviolet li'ght, the 
lens must be removed from the arc lamp before this activity is tried. 
Interpose a piece of glass and observe that the discharge due to illumi- . 
nation ceases, showing ihe opacity of ordinary glass for ultraviolet. 
Instead of an arc light an ultraviolet light source (used in a fluorescent 
mineral demonstration) may be used. 
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6. The photoelectric effect can be demonstrated by means of an 
ordinary photographic expoJlire meter. Some pupils who are interested 
in photography may have Such a me|er in their possession. Expose 
die meter to the varying intensities of light and notice the readings 
of the meter. Lighl causes the emission of electrons which comprise 
the electric current. 

2.11. Some Electronic Ck>nfiguration8 of the Atom 

Bohr's theory was inadequate in that it was able to account for the 
spectra of only the simplest atoms such as hydrogen. Some spectral 
lines'of heavier atoms could be explained by assuming that electrons 
had jumped from one of the higher principal energy levels to a lower 
level/However, additional spectral lines could be explained only by 
assuming that most principal energy levels were divided into two or 
more subshel^s or sublevels, each representing a different energy level. 
These subshejls were named 5, p, d, /, g, h. The first four letters were 
chosen as abbreviations of series of spectral lines originally named 
sAarp, principal, diffuse and fundamental The remaining letters follow 
"f ' in alphabetical order. | 

Similar evidence leads to the assumption that each subshell may be 
further subdivided into one or more orbitals with each orbital having a 
slightly different orientation. A set of rules can be devised to aid 
in determining the numbers of principal energy Jevels, subshells and 
orbitals, as well as the number of electrons in each. For simple ex- 
planations, only the first five rules given below need be used. For 
more complete explanations replace nile 5 by rules 5a, 56 and 5c.^ 

(1) The total number of electrons outside the nucleus equals the 
number of protons in the nucleus {atomic number). 

(2) The maximum number of electrons for each prj|icipal energy 
level (n) equals 2n^. The maximum number of electrons in the outer- 
most shell is limited to eight and the next outermost shell to 18. 

(3) The number of possible subshells for each principal energy 
level (n) equals n. 

(4) The subshells, are designated s, p, d, /, g, ^.^ 

(5) The maximum number of electrons for each subshell is 2 elec- 
trons for "s," 6 electrons for "p," 10 electrons for "d," 14 electrons 
for "f" and so on. 

(5a) The "s" subshell has one orbital; the "p" has three; the "d" 

has five; the "f has seven, and so on. 
(56) The total number of orbitals for each principal energy level 

is n^. 

(5c) An orbital can hold no more than two electrons. 
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2.12. PupU Diagrams Representing Electronic 
Ckinfigarations j 

Teachers Usually prefer to illustrati the electronic configurations for 
several elements by aid of some visual devices before giving pupils the 
opportunity to practice the same manipulations. If relatively simple 
explanations are desired, only the "first 18 elements should be used for 
practice. ^ • ' 

Depending upon the^ degree of complexity desired, ht least three 
types of confi^rations may be shown. In each of the following three 
cases chlorine is used as an example. Each step in a possible prcsenia- 
tion is explained by reference to a specific rule mentioned in activity 
2.11. 

(1) Use of ' Principal Energy Levels Only 

A cjfiorine atom has 17 electrons outside the nucleus (rule 1), 
The first energy level (n = 1), has two electrons (rule 2), 
The second energy level (n = 2) has eight electrons (rule 2). 
The third energy level (n = 3) could have only eight electrons 
friuw 2), but has only seven electrons (rule IJ, 

Summarize the arrangehients of tlie electrons for chlorine in some 
manner such as shown for sodium in diagram 2.08a. 

(2) Use of Principal Energy Levels and Subshells Only 
Chlorine has 17 electrons outside the nucleus (rule 1'). 

The first principal energy level (ji = 1) has two electrons (rule 2)\ 
There is only one subshell (rule 3) which is designated ,"s'! (rule 4)i 
This subshell has two electrons (rule 5). 

The second principal ener"^ level (n =.2) has eight electrons 
(rule There are two subshells (rule 3) designated "s" and '^p'* 
(rule 4), The "s" and "p" subshells contain two and six electrons 
respectively (rule 5), 

The third principal energy level (n = 3) may contain only eight 
electrons (rule 2J. There are three possible subshells (rule 3) desig. 
nated "s," "p" and "d" (rule 4). For chlorine only seven electrons 
appear m the third energy level (rule IJ. The "s" and "p" sybshells 
contain two and five electrons respectively. The "d" subshell exists 
but has no electrons. 

This information for each subshell may be summarized in a short- 
hand notation such as ls\ The s indicates the type of subshell; the 
coe£5cicnt I indicaies the principal energy level; the exponent or 
superscript 2 indicates the number of electrons in each subshell. Sum- 
marize by use of this notation the electronic configuration for a dilorine 
atom a? ls\ 2s\ 2p\ 35^ 3p«. 
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(3) Use of Principal Energy Levels, Subshells and Orbitals 
fa tfps approach rules 5a, 56 and 5c are substituted for nde 5. The 

same type of reasoning is used as in the preceding case. In addition, 

it can be shown that for chlorine: 

For n = 1 there is one orbital (rule 5b). The "s" subshell has one 

orbital (rule 5a) with two electrons (rule 5c), 

» For n = 2, there are four orbitals (rule 5b). The V subshell 
'has one orljital (rule 5a); the "p" subshell has three orbitals / rule 5a)^ 
each orbital has two electrons (rule 5c). 

F(& n = 3, there are nine possible orbitals (rule 5a). The "s" 
^subshell has one orbital (rule 5a) of two electrons (rule 5c). The "p" 
subshell has three orbitals (rule 5a), In the "p" subshell two of the 
orbitals have two electrons ( rule 5c), Vhile the third has only one 
(rulel). 

^ Show the electUDnic configiu*ation for a chlorine atom by boxes to 
indicate the orbitals with ele^rons in each orbital, such as: 

IS 2S r^Pn 35 p3p-| I 3d 1 

Note: The empty "3d" orbitals have been included although not used. 
' Indicate similar information for the first 18 elements by one or all 
of the preceding methods. Stop the discussion of subshells at element 
number 18 unless prepared to discuss "peculiarities which arc noted 
* for several elements including potassium (see activity 2.13). Sum- 
marize this information in chart form, sudi as shown on page 60. 

2.13.^ "Unusual" Electronic Configurations 

Refer to the theory of atomic structure discussed in activity 2.12, 
Note that electrons tend to fill the principal energy levels and sub- 
shells having the lowest energy level first and then to fill progressively 
those subsSiells of higher energy. The electrons which are on the average 
closer to the nucleus are associated with a loWer *=^ergy level. For 
example, in argon which Is represented by Is^, 2s=, 2p^, 35^, 3p^, the 
energy of each subshell increases as one moves from left to right. One 
would expect that if the subshells were listed in order of increasing 
energy, thfy would appear as: Is, 2s, 2p, 3s, 3p, Sd, 4?, 4p, 4J, 4/, 5s, 
5p, si, 5/, 5g, 6s, 6p, and so on. However, evidence indicates tliat 
the order of subshells is: Is, 2s, 2p, 3s, 3p, 4s, 3 J, 4p, 5s, 4d, 5p, 
6s, 4/, 5c?, 6p. Note that an "unusual" configuration occurs at several 
places, such as 4s preceding M and 5s preceding Ad, Obviously the 
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Element 


Atomtp 

Ndmder 


Electrons In 

(Shells) 
K L M 


Electrons In 
Principal Levels 
And Sdbshells 


Hydrogen 


1 


1 


Is' 


He&um 


'-4- 


2. 


la» 


Lithium 


- 3 


2 


1 


la*. 2s» 


Berfllium 


4 


2 


0 

2 


Is^ 2g» 


Boron 


5 


2 


3 


la', 2s', 2p'* 


Carhon 


f -> 


2 


4 


la*, 23*, 2p' 


Nitrogen 


7 


2 


5 


Is', 23*, 2p' 


Oxygen 


8 


2 


6 


la', 2s', 2p* 


Fluorine 

• T- 


9 


2 


7 


la', 2s', 2p' 


Ncon 




2 


8 


Is', 28*, 2p* 


Sodium 


11 


2 


8 1 


Is", 23', 2p\ 3s" 


Magnesium 


12 


2 


8 2 


Is', 23', 2p*, 33' 


Alnniinum 


13' 


2 


8 , 3 


is', 23", 2p\ 3s', 3p" 


Silicon 


14 


2 


*8 4 


Is', 23', 2p\ 35', 3p' 


Phosphorus 


15 


2 


*t 

8 5 


Is', 23', 2p«, 33', 3p' 


Sulfur 




2 


8 6 


Is', 2b'. 2p*, SsS 3p* 


Chlorine 


17 


2 


8 7 


Is', 2s', 2p*l' 33', 3p' 


Argon 


18 


2 


8 8 


la*, "23', 2p\ 33', 3p* 
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average probable location of the electrons in the 4s orbital is closer 
to the nucleus than the average probable location of the electrons iA^the 
orbital. This and -other apparent discrepancies are accounted for 
by some orbitals having greater eccentricity than others (see activity 
2.14 under orbital quantum number). 

2.14. Quantum Numbers 

* As more spectral Hnes were observed in spectroscopes of higher 
resolving power, the quantum theory was revised to explain the ad- 
ditional lines. It is now believed that four items of information are 

' required to describe accurately the energy and mist pxobable location 
of any electron of an atom. This information is found in the four 
quantmn numbers: 

(1) Principal Quantum Number. This number (n) denotes the 
major axis of the orbit of an electron iind represents the size of the 
electron orhU, The first principal energy level (n = 1) is the same 
as the first K shell or level. Numbers 2, 3, 4 represent the L, M and 
N shells, and so on. 

(2) Azimuthal (Orbital) Quantum Number. The number / de- 
notes the angular momentum of the electron in its orbit. This number 
indicates the ellipticity of the orbit or the shape pf the orbit. For any 
principal energy level the value of I ranges 'from zero to^(n — 1). 
When n = 4 there are four subshells designated i = 0, i - 1, i — ^2, 
I = 3. TheseH^alues refer to s, p, d and / orbitals respectively. (See 
activity 2.11, rules 3 and 4.) \ 

In this case, the brgest value of Z (/ = 3) represents the most cir- 
cular path (4/ orbital), while the smallest value of I (I = 0) repre- 
sents the most eUiptical path 4$ orbital. An exception occuri in the Is 
subshell where the only orbital (Z = 0) is circular. ^ w i 

For a given energy level, electrons in the most elliptical orbital (sj 
may approach closest to the nucleus. These electrons have the lowest 
energy. In some cases, the ellipticity of an orbital is so great that this 
orbital penetrates the orbital of a lower principal energ^r level. An 
example is the 4* orbital penetrating the 3d orbital which results m 
an "unusual" electronic configuration (see activity 2.13), 

The I number can be used to determine the permissible jumps of 
electrons between energy levels to produce spectral lines. The / values 
of the s, p, d and / sublevels are 0, 1, 2 and 3 respectively. In any 
single jump, the / value must change by only +1 or —1. For example, 
a jump between an s orbital and a p orbital is possible while a jump 
between an s orbital and a d orbital is not allowed. 

•(3) Magnetic Quantum Number. The number (m) describes 
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how an orbit is oriented in space. It was postulated to account for the 
« Splitting of spectral lines by a. magnetic Held. 

(4) Spin Quantum Number. The number (s) describes how an 
electron spins on its axis while moving"' in its orbit. If compared to a 
rotating sphere when viewed from above, the motions may be con- 
sidered clockwise and counterclockwise. A pair of^ electrons wit^^op- 
gosite spins may be represented by two arrows placed side by side, 
one pointing up and the other pointing down. 

By use of these four quantum numbers, an electron may be identified. 
The Pauli exclusion principle states that no two electrons in an atom 
may have aU four quantum numbers the same, that is, have the tame 
energy (see reference 2R'10), 

2.15. Demonstration Orbital Board 
As a pupil project, a demonstration orbital board may be con- 



strucled of masonite pcgboard Approximately 4 feet on each side and 




2.15 
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wiA holes 1/2 inch or 1 inch on center. The reverse side of the board 
used in activity 2.07c is suitable. Although few teachers will discuss 
more than 10 orbitals, details for additional orbitals have been included 
for possible future -Use. If only 10 orbitals are shown on the enUre 
board, the same ratios of distances between energy levels should be 

maintained. . 1 1 j 

The vertical axis of the completed board is approximately a scaled 
representation of the relativ? energy levek of the electrons from the 
"Is" sublevel to the "6p" sublevel. Along the left. vertical side identify 
the subshells either by painting on the board or sticking strips of 
marlced tape on the board. The approximate location of each sublevel 
is opposite the number of the hole given in the following- qhart starting 
from the bottom. Opposite the number of each sublevd ^f" f 
to represent the numBer of orbitals in each of the "s," p, C and 
- "f sublevds. Each olbital (box) is two holes wide m order to hold 
two electrons (peg^ of difierent spin. See diagram 2.15 illustrating 
this arrangement. 



Sublevel 


Holes troic 
Bottom 
(48-HoLB Board) 


Holes from 
Bottom 
(96-HoLB Board) 


Orbitals 
(Boxes) 


6p 


45 


91 




5d 


44 


89 
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A( 


43 


87 


7 


68 
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85 


1 


5p 


40 


80 
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4d 


39 


.77 
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5s 


38 


74 
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4p 


35 


68 


3 


3d 


33 


65 
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48 


32 


63 
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3p 


28 




3 


38 


25 


48 


1 


.2P 


19 


' c 

36 


3 


28 


15 


28 


1' 


18 


1 (lowest) 


1 (lowest) 


1 
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The board is further divided into columns representing the four 
possible sublevels. Paint four vertical strips ^ inch wide on the board. 
(Masking tape, colored cellulose tape or adhesive tape are also suitable.) 
On a 48'hole board the four vertical strips can cover horizontal holes 
numbered 5, 11, 20 and 33, Paint (or mark with tapes) the orbital 
boxes as rectangles approximately 1% inches long and ^ inch wide. 
Each orbital box should have its base on the proper sublevel line and 
should cover two holes. Keep a narrow space between each orbital for 
easy identification. 

2.16. Representing Electronic Configuration on the 
Orbital Bpo^ 

The^ orbital board described in activity 2.15 may be used as an 
extension of activity 2.11. Two purposes of this extension may be to 
lead into a discussion of the 'periodic table or to introduce pupils to 
this topic which they will study in further detail in advanced chemistry 
courses. Electrons of different spin are represented by red and green 
pegs (available in elementary school supply houses) . 

In addition to the rules given in activity 2.11, these additional rules 
are required: * p 

(1) An orbital holds no more than two electrons, each of a differ- 
ent spin. 

(2) An electron enters the lowest energy level available. 

(3) Two electrons will not enter an orbital until there is at least 
one electron in each orbital of that subshell. 

lUustrate the electronic configurations of the first 36 elements by use 
of red and green pegs. -The information given in the foUowlng chart 
will aid in determining the way ii^.which the electrons of different spin 
enter the orbitals. Except for the limitations of riile 3 above, either 



type of electron (shown by R and 



G) can enter any orbital in a given 



_ # ^ ' / — vAuiLM 111 a given 

subsheU first. The order shown in the diagram has been selected 
arbitrarUy for convenience. If eleiJients in period 4 are illustrated, note 
the receptions in elements 24 and 29 for which no simple explanation 
can be given. The probable electronic configurations of additional ele- 
ments are given in many advance'd chemistry textbooks and in chem- 
istry handbooks. 

2.17. Spectra] Lines 

The necessity to explain spectral lines led to modifications in the 
theory of atomic structure. Pupils can observe some of these spectral 
lines. The observing apparatus required is a spectroscope or an inex- 
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pensive plastic replica grating (obtained from most scientific supply 
houses). Hold the latter before the eyes in a darkened room. 

a. Qean a platinum wire by dipping It in hydrochloiic acid. Dip 
the wire in a solution of NaO. Hold the wire in the nonluminous fla^e 
of a bunsen buptier and observe the intense yellow line. Other lines 
may also be seen. Repeat with solutions of LiCl and Sit(N03)2. 

6. Soak asbestos in a solution of NaQ. Wrap the wet asbestos 
aroubd the barrel of a bunsen burner so that the upper edge of the 
asbestos will be in contact with the flame when the gas is ignited. 
Repeat with different salt solutions. Compare the colors and locations 
of the lines. 

c. Connect a spectrum tube containing hydrogen to the terminals of 
an induction coil (see diagram 2.17c). Observe the location of the 
lines. 




2.17c 

d. Repeat the above using tubes of neon and mercury. Use diagram 
2.17rf to compare the locations of the strongest visible lines in the 
spectra of hydrogen, neon and mercury. 



2.18. Historical Baek^ound of the Periodic Table 

Point out that, as more elements were discovered, it became necessary 
to classify them for ready study. Although all classifications take into 
account certain similarities, the earlier classifications were based upon 



THE ATOMIC STRUCTURE OF MATTER \. 67 



o< 

C 
C 

c 


X, 
D 

:> 
>^ 


o 


V0059H 


o 
o 
o 

1 


h5500A 


JUUUA 


-4500A 




-4000A 


l5500A 


H 






D 

CD 


J- 
<^ 
o 
> 










r 


» 


I 


1 


I 








INvt 


•cc 


Yellow 


c 










1 
















Hg 










C 


— V 




J- 

o 





* 2.17 d 



atomic weights, while later ones were hased on atomic numbers. Based 
on the early tables some predictions of properties of the elements later 
discovered h^ve been remarkably accurate. The highlights and approxi- 
mate dates in 'this historical development of classification are: 

f Dpbereirier (1817 and 1829). ''Triads/' In certain groups of 
three similar elements such calcium, strontium and barium, the 
atomic- weight of the second element is approximately equal to 
the mean of the atomic weights of the other two. 

• Newlands (1865). ''Law of Octaves'' If elements arc arranged 
in order of increasing atomic weights, there are many cases where 
chemical properties are repeated for every eighth element. 

• Meyer (1865-70). "Atomic Weights." A table was established 
based upon atomic weights, which also indicated that certain 
physical properties are periodic functions of some elements. 

. • Mendeleef (1869). "Atomic Weights." A table was prepared 
similar to that of Meyer, which was more widely accepted. Note 
the similarity of predicted properties of ekhalllcon and actual prop- 
erties of germanium. 

• Moseley (19iS). "Atomic Numbers." By use of X-rays, it was 
established that the properties of elements were periodic functions 
of the atomic numbers. This modification cleared up many incon« 
sistencies in Mendeleef s table. 

An excellent reference book for this and related topics is given in 
the bibliography. Fundamental Concepts of Inorganic Chemistry. 



ERLC 



68 



CHEMISTKY HANDBOOK 



2.10. Foi^s of the Periodic Table 

The chemUtry classroom and laboratory should feature well«loq,ated, 
readable per||idic tables thai can be referred to constantly during the 
course. It \if desirable to disj^lay both the short or "folded" form and 
the more p<^ular long form. A. chart indicating the relative sizes of 
atoms and iohs in the periodic table is very useful. 

Note that Ibe following changes in symbols were made recently in 
order to avoi4 confusion with certain symbols in physics, mathematics 
and nuclear science: , 

• Argon, formerly A, now Ar 

• Einsteinium, formerly £, now Es 

• Mendelevium, formerly Mv, now Md 

The table il not a "foundation" of chemistry. Its value lies mainly 
in its usefulness to pupils and chemists. The usefulness is jnore impor- 
tant than. the^"defects of the table." A description of die discovery of 
"Freons" will illustrate this point. 

Pupils should be trained to refer to the tables frequently, especially 
through thd example of the teacher. The periodic table included in 
Referendtt fables for Chemistry should be made available for practice 
frequently during the course. It is good practice to permit use of a 
table during most quizzes. Introduction of the table ^early in the course 
is desirab^. However, it is advantageous to pos^one treatment of the 
"F* groups until later. 

Show the pupils that by folding the table between Groups 2A and 3B, 
and again between 2B and 3A, the 6 group can be folded badk out of 
sight and the more regular A groups consolidated. Point out to the 
pupils that some forms of the periodic table make a different division 
of Groups A and B, 

2.20. The Periodic Arrangement — Based upon 
Electronic Configuration 

Illustrate the similanties in electronic configurations of the elements 
in the various groups by reference to the Periodic Table of the Elements 
shown on pages 334-335, or to either activities 2.12 or 2.16. As an aid 
to the teacher, the major groups are described briefly indicate elec- 
tronic dissimilarities of the principal energy levels. For a more detailed 
treatment refer to an advanced inorganic textbook. 

.(1) First Type. Elements in Group O. The electronic stability of 
these elements cannot be improved by electron transfer or by electron 
sharing. All V* and **p** sublevels are complete. These elements do 
not ordinarily react. ^ 

■4 
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(2) Second Type. Elements in Groups lA, IIA, IIIA, IV A, VA, 
VIA £uSa VIIA, Elements of this type teijd to lend, borrow or share, 
electrons so that dieir outermost shells will, resemble those in Group 0. 
Ail inner shells are complete while the outer shell is incomplete. The 
most common or "representative" elements are Included in these groups. 

(3) Third Type. Elements in Groups fllB, IVB, VB, VIB, VII B 
and VI I IB, {IB, I IB) . Elements of this type exhibit variable valence 
and are called transition elements. They are characterized by haying 
the two outermost shells incomplete. This distinguishing characteristic 
does not apply to Groups IB and IIB, since they have electronic struc- 
tures similar to type // elements. However, the elements in Group IB 
and JIB are included here because their ch^nical behavior is most simi- 
lar to the chemical behavior of the other "fi" group elements. Note: * 
The electron structures of some transition elements are in doubt and 
will be predicted differently in various references. 

(4) Fourth Type. Elements of the lanthanide series (element niim- 
beiB 58-71) and of the actinide series (element niunfcers 90-102). These 
represent other type^of transition elements, differing from regular 
transition elements by having three outermost shells incomplete' instead 
of two. o 

The traditional name for the lanthanide series, "rare earth elements," 
no longer has any particular merit, and its use should not be encour- 
aged^ The term "radioactive rare earths" for the actinide series is 
erroneous. Thorium and uranium are "common" rather than "rare." 

2,2 1 , Ge neralizations Baged oif the Periodic Table 

The elements in the Periodic Table of the Elements shown on pages 
334-335 are arranged according to\atomic number and electronic con- 
figuration. Differences in chemical properties of the elements are related 
largely to: (1) the magnitude of the nuclear charge, (2) the number of 
sheDs and the number of electrons in the shells and (3) the distances 
of the electrons from each other and from the nucleus. To a less obvious 
extent, differences in physical properties may be accounted for in a 
similar manner. 

A study of the periodic table leads to many generalizations, including 
those listed below. Some of these generalizations can best be illustrated 
and 'explained concurrently with the study of the periodic table, while 
others may more easily be illustrated at other times. Concepts that are 
essentially identical are frequently stated in several ways.^ In some 
instances areas of the course or specific activities havje been related to a 
generalization. 
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(1) Elements in the periodic table are arranged according to their 
atomic numbers. 

(2) Fo^ any element in a period, the number of principal energy 
levels equals the period number. 

(3) The atomic number increases from left to right and from top 
to bottom. 

(4) The atomic weight generally increases from top to bottom and 
from left to right. 

(5) The number of neutrons in an atom of an element generally 
increases from left to right and from top to bottom. 

(6) As the mass number increases from 1 to apj^roximately 60, the 
stability of the nuclei increases; above 60 the stability gener-, 
ally decreases. 

(7) Hydrogen exhibits both metallic and nonmetallic properties, 
and is often an exception to any generalization about its loca- 
tion on the table. 

(8) Elements to the left of the heavy line running stepwise from 
boron to astatine are generally classed as metals. 

(9) Elements to the right of the heavy line running stepwise from 
boron to astatine are generally classed as nonmetals. 

(10) Elements that border the heavy line running stepwise from 
boron to astatine exhibit intermediate properties and are Known 
as metalloids* (aluminum sometimes excepted) . 

(11) Metals greatly outnumber nonmetals. 

.(12) Elements in Group I A are known as the alkali metals. 

(13) Elements in Group //4^jire known as the alkaline earths. 

(14) Elements in Group VII A are known as ibe halogens. 

(15) Elements in Group 0 are known as the noble elements or the 
inert gases. 

(16) Groups other than lA, IIAy VIIA and 0 are often known by 
the name of a common dement in the group; for example, 
oxygen group for VIA. 

(17) Metals conduct heat better than nonmetals. 

(18) Metals are better conductors of electricity than nonmetals 
(exception carbon). 

(19) The boiling points of metals are generally higher than those 
of nonmetals. 

(20) Some metals of high density and low melting point are those 
with atomiQ number of 30-33, 48-51 and 80^83. * 
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(21) Some meti^ls of high density and high melting point are those 
in Groups IVB, VB, VIS, VIIB, VlllB and IB. 

(22) Metals oi low density are found in the upper part of the table 
in Groups lA, II A and lllA* 

(23) Elements tend to form ions by borrowing or lending electrons, 
to produce the electronic configuration of the inert element 
closest in atomic number. 

(24) Positive ions are appreciably smaller than their corresponding 
^ atoms; negative ions are appreciably largef than their corre- 
sponding atoms. 

(25) Ions of elements in Group lA have smaller ionic radii than' 
negative ions of the same electronic configuration. 

(26) Metals tend to lose electrons more easily than nonmetols; non- 
metals tend to gain electrons more easily than metals. 

(27) Metals have small ionization potentials; nonmetols have large 
ionization potentials. 

(28) Elements which have large differences in electronegativity 
(such as those in Groups I A and VII A) form ionic compounds; 
those which have small differences of electronegativity tend to 
to form compounds which are primarily coval^t. 

"^(29) Electrovalent (ionic) compounds are generally solids with high 
melting points. 

(30) Covalent compounds are generally gases, or liquids with low 
boiling points. 

(31) In each group, as the atomic number increases in the group, 
the radius of the atom increases (more pronounced in the 
'^representative" elements) . 

(32) In Groups I A, II A, VIA and VI I A particularly, as the atomic 
number increases in ^ the group the elements beco*tne less elec- 
tronegative (more electropositive). 

(33) Elements in Group I A have a valence of 1 and an oxidation 
stale of -f 1 in their compounds. 

(34) Dements in Group IIA have a valence of 2 and an oxidation 
state of -f 2 in tlieir conjpounds. 

(35) Dements in Group VII A have a valence of 1 and an oxidation 
state of — 1 in binary compounds. 

(36) The transitional elements (the B groups) tend to have more 
tlian one valence and more than one oxidation state. 

(37) Those elements which do not attain the eliectronic configuration 
of the inert elements when they form ions generally have mul- 
tiple' valences. 
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(38) In all i4 groups, as the atomic number increases in the group, 
the elements tend to have more metallic properties. 

(39) In Group I A as the atomic number* increases, the density of the 
element generally increases. (Relate to metals.) 

(40) In Group I A as the atomic number increase, the melting point 
and the boiling point of the element decrease. * 

(41) In Group lA and in Group IIA, as the atomic number increase 
in the group, the hardness of the element decreases. 

(42) Elements on the left side of the table (metals) lose electrons in 
forming compounds. 

(43) In Group lA and in Group IIA^ as the atomic jp[umber increases 
in the group, the tendency of the element to^ogp the valence 
electron (s) increases. - * 

(44) In Group I A and in Group II A, as the atomic number increases 
in the group, the chemical activity of the element increases. 

(45) In Group lA as the atomic number increases, the reducing 
ability of the element increases, 

(46) In Group VII A and in Group 0, as the atomic number increases 
in the group, the boiling point of the element increases. 

(47) In Group VII A ^ as the atomic number increases, the melting 
point of the element increases. 

(48) In Group VII Ay as the atomic number increases, the density 
of the element increases. 

(49) In Grouj^ VI I Ay as the atomic number increases, the oxidizing 
ability of the element decreases. 

(50) In Group VII A^ as the atomic number increases, the strength of 
the binary acid increases. 

(51) In Group VII A^ as &e atomic number increases, the color o( 
the element deepens. 

(52) Elements on the right side of th^ table (nonmelals) tend to 
gain electrons in forming compounds. 

(53) In Group VIA and in Group VII A, as the atomic number in- 
creases in the group, the tendency of the element to gain elec- 
trons decreases. 

(54) In Group VIA and Group VIIA, as the atomic number in- 
creases in the group, the chemical activity of the element 
decreases. 

(55) In Groups 0 and all A groups, as the atomic number in- 
creases in each group, the ionization potential decreases. (More 
pronounced in .Groups lA^ II A and 0.) 
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(56) jThe most active metals are found in the lower left-hand comer 
.^of the table; the most active nonmetals are found in the upper 

right.hand corner of the table (disregard Group 0). 

(57) In Groups lA, 41A, VIA, and VllA, as the atomic number 
' increases in the group, the radius of the ion increase^. (Due 

to multiple valences, the sizes o^ ions vary in <5lher A and B 
groups.) 

(58) In each period, as the atomic number increases in the period, 
the radius of the atom generally decreases. 

(59) In each period, as the atomic number increases in the period, 
the ionization potential of the element generally increases. 

(60) In each period, as the atomic number increases in the period, 
the elements generally change from very active metals, to less' 
active metals, to metalloids, to less active nonmetals, to very 
active nonmetals. *• 

(61) As the periodic chart is observed from left to right, a tendency 
for the elements to form strong bases, weak bases, amphoteric 
hydroxides, weak binary acids and strong binary acids, in 
that order, becomes apparent. 

(62) As the periodic chart is observed from left to right, there is 
a transition from, positive to negative oxidation numbers. Ele- 
ments near the center of the table may exhibit both positive and 
negative oxidation numbers. 

(63) In each period, as the atomic number increases in the period, 
the metallic characteristics of the A group elements decreases. 

(64) In each period, as the atomic number increases in the period, 
the electronegativity of the element increases. 

2.22. Activities Based on the Periodic Table 

Many generalizations summarized in activity 2.21 may be verified 
from data available in well-known^ reference books, 'fhis type of activity 
serves to give the pupil exjAeri^nce in the use of reference materials, 
a skill required in advanl'eJ sciences. Two excellent sources are Hand- 
book of Chemistry and Physi\ published by the Chemical Rubber 
Publishing Company, and Handbook of Chemistry by N. A. Lange, 
published by Handbook Publishers, Inc. ^ ^ 

If desired, data may be obtained for elements other than those sug- 
gested in this and in the preceding activity. The explanations of vari- 
ous interesting exceptions to the generalizations may be beyond the 
scope of an introductory course. 
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Many of the obvious activiti^ require constant reference to thor 
periodic table. Trace on a master duplicating ditto sheet pertinent 
portions (squares, atomic numbers, period and group numbers) of 
the Periodic Table of the Elements distributed for use with Regents 
examinations. (A copy appears on pages 334-335.) Reproduce in suffi- 
cient quantity to allow each pupil enough copies to record on separate 
sheets various data (some of these datA may also be plotted as illus- 
trated in diagrams 2.22a, b, c and d) , such as : ^ 

(1) The boiling points of elements by group, period or both (note 
particularly Groups I A, II A, VI I A and 0). (See activity 
2.21, generalizations 19, 40 and 46.) 

(2) The melting point of elements by group, period or both. (Sec 
activity 2.21, generalizations 20, 21, 40 and 47.) 

(3) The density of elements by group, period or both. (See activity 
2.21, generalizations 20, 21, 22, 39 and 48.) 

(4) The atomic radii of the elements (refer to Lange under "Atoms, 
effective radii of"). Note that data from various sources differ 
slightly. (See activity 2.21, generalizations 24^ 31 and 58; 
also, diagram 2.22a.) 




Ahomic number 
2.22a 



10 20 
Atomic nimbcr 

2.22b 



(5) The ionic radii of tlie elements (refer to Campbeirs Chart of 
Relative Sizes of Atoms and Ions in the Periodic Table or to 
Lange as above). Note that data from various sources differ 
slightly. (See activity 2.21, generalizations 24, 25 and 57.) 
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(6) The first ionization potentials of the elements by group, period 
or both. (See activity 2.21, generalizations 27, 55 and 59; 
also, see diagram 2.226.) 

(7) The electronegativities of the elements (exclude the transition 
elements). (See activity 2.21, generalizations 28, 32 and 64.) 
(Refer to the bibliography.) 

(8) The melting points o^a representative sample of ionic com- 
pounds. (See activity 2.21, generalization 29.) 

^ (9) The boiling points of a representative sample of covalent com- 

1 pounds. (See activity 2.21, generalization 30.) 
(10) The number of valence electrons for the elements with atomic 

numbers 1 through 20. (See diagram 2.22c.) 
<11) The atomic volume of the number pf elements with atomic 

numbers 1 through 20. (See diagram 2.22J.) 

2.23. Determining Atomic Weights 

As jisually considered, atomic weight is a relative weight in com- 
parison to the weight of some arbitrary standard. Currently, there are 
at least three arbitrary definitions of atomic weight: 

• Chemical atomic weigkt—hsLsed on 16.00000 unite as the average 
weight of a natural mixture of the isotopes of oxygen. 

• Physical atomic weight— based upon the 16.00000 unite as the 
atomic weight of 0^°. 

Mass number (used mainly by nuclear scientiste) — based upon 
the sum of nucleons, each with a mass of one unit. 
There is a strong possibility that a new basis may be adopted for 

uniformity and greater precision. Two possibilities are the masses of 

F° and 

No balance is sensitive enough to weigh an atom. Determinations 
of the weight of an individual atom are based upon Avogadro's num- 
ber, 6.02 X 10^3 which is the number of atoms in a gram atom of a 
substance or the number of molecules in a gram-molecular weight of 
a gas. The latter weight occupies 22.4 liters at S.T.P. 

To appreciate the small weight of an atom and to practice the use of 
powers of 10 and significant figures, pupils may compute the weight 
of atoms of various gases (see appendix E) . Hydrogen is given as an 
example: 

Gram-molecular weight of hydrogen gas = 2.00 gm. 

Number of molecules in this volume of hydrogen = 6.02 x 10'^ 

Weight of one molecule of hydrogen =|l^^^= 3.32 x 10-^* gm. 

6.02 X 10"^ ° 
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Each molecule has two atoms. 

Therefore, the weight of each hydrogen atom is 1.66 x 10"-* gm. 

2.24» Computing the Average Atomic Weight of 
an Element ^ 

The average atoiiiic weight of an element, as gjven in the Periodic 
Table of the Elements (see pages 334-335), is the average of tie 
weights of the atoms in a naturally occurring mixture of the isotopes 
of the element, if any., Computation of some of these average weights 
by pupils is an interesting mathematical extension which leads to an 
understanding of the process.: Although advanced textbooks give details 
for further refinement of the method, the following example is suffici- 
ently accurate to illustrate the principle: 

Data in the various chemical handbooks indicate that the occurrences 
of the principal isotopes of magnesium are: 

Mg"— 78.6 percent of atomic mass 23.9924 

Mg2« — 10.1 percent of atomic mass 24.9938 

Mg^*— 11.3 percent of atomic mass 25.9898 j 

It is obvious that the average atomic ipass (chemical atomic weight) 
is between 24 and 26 and closer to 24.'\he weighted average is com- 
puted as: 

Mg2* = 23.9924 x .786 = 18.86 

Mg2^ = 24.9938 x .101 = 2.52 

2 94 ' 

Mg2« = 25.9898 x .113 = 

This corresponds to the weight given in the table. Compute the 
average atomic weights of additional ^elements. 
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AREA 3 

Solutions and Near Solutions 

3.01. The Nature of Solutipns 

A-solution is a homogeneous mixture of two or more -substances, the 
composition of which may be varied. The dissolving medium is the 
solvent and the substance dissolved is the solute. 

Prepare two containers ^of water of suitable size which can readily 
be seen. To the first add a spoonful of clean sand, sulfur or a granu- 
lated metal, and stir. To the second add a spoonful of a colorful 
powdered compound such as copper nitrate, ammonium dichromat^ 
or nickel sulfate, and stir. Contrast the contents of the two containers.^ 
Discuss the "disappearance" of the colored salt, the "appearance" of 
color (chromogens) in every drop of the second container, the homo- 
geneous distribution of the color and the permanent (nonsettling) 
character of the mixture. Compare the solution with a spoonful of the 
dry salt in a beaker anff Encourage the pupils to explain what must ^ 
have taken place among the molecules of -Q^lvent and solute to account 
for the difference. 

To assist the discussion'^make a solution ni "slow-motion" as follows: 
By means of a burning candle, place a daub of wax on tfie bottom 
(convex) surface of a watchglass or petri dish, and push into the wax 
a crystal of potassium permanganate. Float the dish on a large cylinder 
filled to the brkn with water. Observe the process of dissolving. 

3.02. Rate of Solution 

The rate of solution is controlled by such factors as surface area, 
agitation and temperature. Demonstrate the effect of each to the class. 

a. Surface Area. Weigh a large crystal of copper sulfate, chrome 
alum,- rock candy, rochelle salt or similar material. With a mortar 
and pestle finely pulverize an equal weight of the same material. Add 
the^^^two portk)ns to separate beakers containing equal amounts of 
water. Stir the contents of the two beakers at equal rates. Since ajl 
other conditions are equal, the degree of subdivision must be responsi- 
ble for the different rates of solution. Explain that here, rate means 
the quantity dissolving per unit of time. 
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Display an apple, orange or potato and discSUss the amount of 
exposed surface. Bisect with a knife and point out the increase in sur-. 
face* Make several more cuts to sihow that the greater the deji^ree of 
subdivision the larger the surface exposed to the environment. 

b. Agitation. Pulverize a siftall quantity of a colorful soluble salt 
such as copper sulfate. Divide this into two equal portions b^ weight. 
Add one portion to a beaker of still water. Add the other to a beaker 
set up for rapid agitation of the contents with a magnetic stirrer, 
electric "blcader" or by hand. Show that in the first case a heavy, 
locally saturated solution soon surrounds the crystals if left undisturbed, 
while in the second case agitation constantly brings unsaturated solvent 
in contact with the. crystal surfaces. Repeat, but, instead of agitating 
in the second beaker, tie the salt' in an empty tea bag and suspend 
just under the surface. The heavier saturated solution can now flow 
downward, a>id fresh solvent moves constantly into the bag, effecting 
a faster rate of solution. Indicate that the process of going into solution 
occurs only on the surface of the solid. ^ 

c. Temperature. Select two small crystals of potassium perman- 
ganate of about equal size. Prepare two beakers containing equal 
amounts of water, one at room temperature or colder, the other at 
about 80°C. Drop a crystal in each, and observe the rates of solution. 
Relate this to the increased, molecular activity at the^ surface of the 
crystal and increase in the rates of diffusion. Raise the question of the 
effect of convectional currents in the solvent on the rate of solution. 

3.03. Filterability ol^olntions 

Before defining "true solution," point out that, besides true solu- 
tions, certain colloidal solutions are apparently homogeneous and not 
separable by filtration. In general, true solutions contain particles 
which are less than one millimicron' ( 10~* mm.) in diameter. Whether 
a solution is colloidal or not may b^T^artiy determined by particle 
size ^d partly upon hpw the solution originated. For example, certain 
colloids may be formed by an electric arc or controlled precipitation. 

Display "rapid" filter paper for coarse precipitates and "dense" 
filter paper for fine precipitaties. Point out tha^ in order to separate 
a mixture by filtration the particles of solvent and "solute" must differ 
in size, and the filtering medium (paper, cloth or powders) must have 
openings that will allow only one component to pass. Show that or- * 
dinary iiltering mediums cannot remove the solute fr6m a solution 
of copper sulfate by pouring some through a dense filter paper and 
comparing the filtrate with some of the original solution. Open the 
filter p^aper. Emphasize that this is not a test for true solutions, because 
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a number of colloids behave in the same way. Point out that scientists 
have developed special membranes whose pores are so small that they, 
are capable of filtering certain solutes from true solutions. 



3.04. Varieties of Solutions 

After defining solution, solvent and solute, have the4>upils com-' 
olete a review chart similar to the one illustrated below. ^ 



c 1 

Solute 


Solvent 

. ^ 


IlJLAIJlrLci 


oolia 


Solid 




oolid 




Salt in water 




Cos 


Sulfur vapor in air 


Liquid 


Liquid 




Liquid 




Mercury in copper 


Liquid 


Gas 




Gu 


Gas 






Liquid 


Soda water 


Gas 


Solid ^ 





3.05. Insolubility 

In the stiiptest sense, no substance is absolutely insoluble. 
.Grind up and finely powder a 1-foot length of soft glass tubing 
(6 mm.) with a mortar and pestle. Use a glove or towel to protect 
your hand from tiny glass splinters. Pour the powdered glass into a 
bottle half filled with distilled water and stopper. Shak<S the bottle 
thoroughly for several minutes or heat the mixture. Remove the stopper 
and add 5 drops of phenolphthalein indicator. The faint pink color 
indicates the presence of sodium silicate in solution. The "solubOity" 
of glass in water accounts for the storage of very pure water in con-^ 
tainers of pure quartz and of distilled water in tin-lined copper drums. 

' 3.06. Factors Governing Solubility 

Illustrate the rough principle that "like dissolves in like" by •etUng 
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up test tubes for the following solvents: water (covalent pohr). carbon tet- 
rachloride (covalent nonpolar), and ethyl alcohol (molecules polar on one end, 
nonpolar on other). Add some pellets oftodium hydroxide (ionic compound) to 
each, and note that it is very soluble in water, less soluble in ethanol, knd 
practically insolufcle in carbon tetrachloride. Repeat, using fresh solvents, 
and study the solubility of kerosene (covalerit nonpolar). Emphasize that 
solubilities are by no means strictly predictable and scientists still work them 
out largely by trial and error. 

3.07* Cosolvency 

Show that some substances dissolve best in a blend bf solvents. Shake 1 gm. 
of sodium oleate powder ( a soap-type molecule) with 5 ml, of propylene glycol 
in one tubet^nd 1 gm. of the same powder with 5 mL of chloroform in another. 
The powder will tiot dissolve completely in either solvent. Now pour the two 
together and shake. The sodium oleate immediately goes into solution. This 
property is called "cosolvency. 'J 

03. Q8. Solutions and Crystal Forces ^ — 

Shake some sodium chloride on a metal p^m which has been strongly heated 
? over a bunsen burner. To explain why it ^oes not melt, refer to a handbook to:> 
find the exact meltjng point of the sklL Relate this to the strength of the bonds 
indhe crystal lattic^ 

Dissolve some NaCl in water, and note the relative ease with which the 
solution process takes place. Melting requires sufficieqt heat eneVgy to over- 
come the bonding forces which hold the crystal together. One of the main 
reasons why the dissolving of NaCl in water takes place more readily is 
because energy is released when ions of Na*" and CP interact with the pokr 
H2O molecules. This energy is commonly known as the hydration^^energy. 
Although forces holding the crystal together must be overcome also in th^ 
solution 'process, the extra-hydtSTtmrenergy is available to Jielp solution in 
water. , ^ ^ 

a • 

3.09. Mechanism t>f Dissolution 

a. Ionic Solutes. With cutouts to represent the ions and^^polar water 
molecules, use a felt board, magnetic bjackboai^ or overhead projectpr to 
illustrate the manner by which ions are pulled dff the dissolving crystal by 
electrostatib attraction. Point out that these solvent molecules remairf loosely 
attached to the ion forming a "hydration ion," whose rate of diffusion and rate 
of migration toward electrodes are slowed down. ^ 

b. Covalent Solutes. Use a similar arrangement to that in a above 
to illustrate the dissolving of.^a lump of sugar in water. The su^ar 
O culea are, more attracted to the water molecules than to each other 
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A possible explanation is that the hydrogen bonds between sugar and water 
molecules are stronger than the forces bonding sugar moleciKles in a Sugar 
crystal. The fact that the forces binding covalent molecules into crystals are 
weak is revealed by their relatively low melting points. Refer to the meltmg 
points of naphthalene, ui^a and camphdr. Hydrogen bonding plays an impor- 
iant role in holding protein molecules in solution, as in the case of egg albumin 

in egg white. Whipping or cooking the egg'white disrupts the hydrogen bonds 

and results in precipitation. 

a. 10. Variations ip SolubiKty 

a. New Ionic Species. Prepare test tubes half-fuU of each of the following: 
water,' ethyl alcohol, carbon tetrachloride and a 10 percent solution of potas- 
sium iodide in water. Add a few crystals of iodine to each (molecules are 
" covalent and nonpolat^ and shake the test tubes. Ask the class to suggest why 
the iodine is only sparingly soluble in water, somewhat more soluble than 
. ■ alcohol, and extremely soluble in carbon tetrachloride. Heat a few crystals of 
" iodine in a dry 1-liter Erlenmeyer flask and show the color relation between 
-, iodine gas and iodine dissolved in carbon retrachloride or other organic 
' solvents. Point out that djssolved substances are in many respects in a 
','gaseous" condition. Iodine is more soluble in solutions of potassium^ iodide 
than in pure water due to the formation of a new ionic species: 
+ K-*- + I- -» K-*- +(13)- 
i Tincture of i(«lin6 commonly contains alcohol, water and-potassium iodide in 

T order to, dissolve more iodine. 1 

-b Preferred Solvents. To illustrat* variations in solubility, form layers by 

I ■*• „fxi'nfe25ml.ofcarbontetraQhloride,25ml.ofwaterand25ml.of6ther. Add 

a few postals of iodine. A similar demonstration consists of carbon tet- 
. rachloride': glycerol and amy! acetate to which is added a crystal of methyl red. 
Carbon disuffide, water and nittopropane may also be used with methyl red as 
a the solute. 

^ V * ' . • 

3.11. Solubility Through Complex Ion Formation 

' Formation of *>tJomplex ions"' frequently ^^kys a great role in solubili- 
ty T^o a test tube half-filled with water add a pinch of sodium chlonde 
and dissolve. Add a few ml. of 10 p^ercent silver nitrate soluti9n to 
' form the highly insoluble white precipitate of silver chloride. Wnte the 
equatfon Add an excess of concentrated arrjmonia water to the ..test 
tube -Stir until the precipitate "dissolVes." This is due to the chemical 
interaclion.tetween the precipitate and the dissolved ammonia gas. to 
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form a "complex ion" which is soluble: 

AgCl + 2NH3 Ag(NH3)/ + Cl- 
Many other examples may be found in any text on qualitative analysis. 

3.12. Depression of Solubility with Mixed Solvents 

Finely powder 50 gm. of copper sulfate. The probable structure of 
each of these ions is: CuCH^O)*^ and SO^CHsO)--. Mix with 50 ml 
of water until no more appears to go into solution. Add a few drops 
of concentrated ammonia water and note the whitish precipitate of 

• copper (H) hydride. Now add 75 ml. of concentrated ^mmonia water 
and stir thorou^y. The precipitate dissolves and a clear solution with 
a deep blue color results. A deep blue soluble complex ion forms similar 
to the tetraquocopper (II) ion. CuCH^O)*^. except that the four water 
molecules have beeil replaced by four ammonia molecules. This new 
ipn, CuCNHa)***, is called the tetraamminecopper (II) ion. 

^ J While vigorously stirring the solution, drop into it very slowly from 
a dropping funnel 75 ml. of ethyl alcohol. Deep purple-blue crystals 
af Cu(NHa).4S04*H20 precipitate from the solution. Recover the crys- 
talsirom the solution by filtration. The addition of alcohol is a common 
device to bring about the crystaUization of metallic salts Vhich cannot 
be obtained by evaporation due to the possibility of decdmposition. 

The preparation of Cu(NH3)4S04-HsO makes an exceUent project 
for advanced students. Begin ivith the preparation of anhydrous copper 
sulfate from copper metal and concentrated sulfuric acid. CAUTION: 
Use hood Jor' this reaction. Crystallize the hydrated fortn and proceed' 
as indicated-above. The final crystals should be coUected by suction 
filtration. After pressing free of mother liquor, dry in a desiccator over 
lime. 

3.13. Chelation 

Another case related to inducing solubility by complex formaHoir is 
an important new technique in chemistry~-the use of "chelates." These 
are organic compounds capable of "encircling" and holding aii ion in 
solution under conditions that would otherwise cause it to precipitate. 
The most famous of these compounds is EDTA (ethylene-diamine-tetra- 
acetic acid or its salts). A student volunteer should Jrite to chemical 
manufacturers (addresses available through advertis\rfg in Chemical 
and Engine^ng News, see appendix F). and report to the class, on the 
interesting applications of this technique. Another student mi^ht pre- 
pare some demonstrations for the riass (sel reference 3R^J). 
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3.14. limitation of Solubility 

The solubility of gases in gasea is unlimited provideii they' are chemi- 
cally inert toward each other. Miscible liquids, molten metals and salts 
have a sinular unlimited solubility in each other. Some alloys (solid 
solutions) can be prepared in unlimited proportions. The most common 
type of solution, solids in liquids, is typically limited^ 

Place 100 ml. of distilled v/ater in each of four beakers. Heat the 
water in three of the beakers to 60°C and the water in the fourth to 
30°C. To the first beaker add 0.02 gm. of calcium sulfate, to the second 
37.3 gm. of sodium chloride, to the third 110 gm. of potassium nitrate 
and to the fourth 219.5 gm. of table sugar. Point out that in two cases 
the solute outweighs the solvent. Add more of the same solid to each 
solution to show that it will not dissolve. 

A convincing demonstration that equilibrium truly exists may be 
easily given. A comer i§ broken from an otherwise perfectly formed 
crystal and the crystal is then suspended in a solution saturated with 
respect to this same solute. Qver a long period of jime the imperfection 
in the crystal is repaired. It ultimately becomes a perfectly formed crys- 
tal again, though slightly smaller over all, because the total quantity of 
solute in the solvent remains unchanged. This result can be achieved 
only through dynamic equilibrium, 

3.15. Eflfect of Temperature on the Solubility of Solids 

In general, solids are more soluble at higher temperatures. 

a. To 100 gm. of potassium nitrate in a beaker add 100 ml. of 
distilled water. Stir until no further solution seems to take place. 
Observe the temperature. Determine the weight of the salt now in solu- 
tion by referring to solubility tables. Predict how hot the solution 
would have to be to dissolve all the salt. While stirring frequently, heat 
the solution to the selected temperature. Place a little of the warm 
solution in a p^ri dish and allow it to cool On the stage of the overhead 

.projector. 

b. Shake a small amount of lead chloride with cold water in a test 
tube. He.at the water, boiling if necessary, until the salt dissolves. 
Lower the temperature by holding the tuKe under the cold water tap. 

3.16. Negative Temperature Effects 

Some salts become less soluble as the temperature rises. Dissolve 
0J2 gm.'of pure calcium hydroxide' (be sure it has not converted to 
CaCOa) in 200 ml. of water and heat to boiling, or saturate 100 ml, of 
ice water (0°C) with 19 gm. of ferric sulfate ^nd raise to boiling. 
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Have the class explain the results %y reference to the solubilities of these 
substances as listed in a handbook. Also try calcium acetate and calcium 
chromate. 

3.17« Solubility Curves 

Have the class construct a solubility cur\'e for potassium bromide or 
ammonium chloride by assigning different temperatures to each indi- 
vidual and plotting the i)oints as submitted on a chalkboard graph. 
Capable students should be encouraged to try others; for sample, the 
solubility curve for sulfur in benzene. Allow 24 hours for the solution 
of sulfur to become saturated at each temperature. See also Manufac- 
turing Chemists Association, Scientific Experiments in Chemistry, "Mak- 
ing a Solubility Curve," and reference 3R-2. 

3.18. Heat of Solution 

To separate beakers containmg about 100 *nd. of water slowly add a 
small quantity of concentrated sulfuric acid, sodium hydroxide, con- 
centrated nitric acid, hydrogen chloride gas, ammonium nitrate, hypo 
and urea. Stir with a thermometer and note any temperature changes. 
Interested pupils may wish to determine how this effect is used an "solar 
houses." ^ 

3.19. The Solubility of Cases in Liquids 

Place two tall cylinders of water side by side. Drop a piece of dry 
ice into one. If dry ice is not available, blow through a glass tube tliat 
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extends to the bottom, or use compressed air. To the second cylinder 
admit bubbles of ammonia gas from a tank or generator. Account for 
the changing volumes of the bubbles as tliey rise in the water. 

CAUTION: Danger of implosion. Demonstrate the hydrogen chloride 
or ammonia fountain. See diagram 3.19. Be sure to use a sound, un- 
scratched,- round bottom pyrex flask, not more than 2 liters in capacity. 
For best effect, do a thorough job of expelling all the air from^the 
flask with the gas chosen. Place the flask as shown and squeeze the 
medicine dropper to start the fountain. The solution in the beaker 
should include an appropriate indicator; phenolphthalein for the am- 
monia setup, brom thymol blue plus one drop of ammonia water for 
the hydrogen chloride varigjjion. 

3.20. Effect of Pressilre on the Solubility of Gases 

Show that a 7-oz. bottle of soda water contains not just ihe gas visible 
above the liquid, but a "glass of gas." Open a bottle of soda water 
(previously well warmed under the hot water faucet) under an in- 
verted 7-oz. glass full of warm water in a pneumatic trough. 

3.21. Effect of Temperature on the Solubility of Gases 

Place a few drops of ammonia water in- a braker of water and add 
a drop of phenolphthatein (or thymolphthalein) indicator. Boil the 
solution and note the golor change. Add another drop of indicator to 
show that ammonia ha^ left the solution. Place a bottlie of soda pop 
in an ice-salt bath, chill and 6pen. Allow a second bottle to remain 
open at room temperature during the period. At the end of the period 
pour the contents of both into two glasses. The amount of foam is a 
rough approximation of the amount of dissolved gas. See reference 

3.22. Miscible Li j^ids 

To a 100-ml. volumetric flask' add exactly 50 ml. of water, and 
exactly 50 ml. of ethanol. Note the final volume. Add this solution to 
more alcohol or water to show miscibility. An interesting result is ob- 
tained by adding 50 ml. of carbon disulfide to 50 ml. of ethyl acetate. 

3.23. Partially Miscible Liquid^ ' 

Into a 500-ml. separatory funnel intro4^ce 250^ml. of water and 
100 ml. of ether. Shake the mixture according to the tefehnique shown 
in diagram 3.23. Allow to settle, and show the two layers. Some saturated 
copper sulfate solution added to the funnel will make the lower water 
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layer more distinct. Separate the layers into two beakers. Show that 
ivater has dissolved in ether to some degree by adding a little anhy- 
drous copper sulfate to the ether. After removing all ether to a safe 
distance^ poiSr the water layer into a shallow pan and carefully throw 
a lighted match onto its surface. 
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3.24. Immiscible Liquids ^ 

Even though some Uquids are described as immiscihle practically 
all liquids C3Ein dissolve at least traces of others. 

a. Dissolve a small particle of some oil-soluble dye; for exa/nple, 
oil red, in 50 ml of carbon disulfide. Dissolve a lit^e water soluble 
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dye of another color in 50 ml. of water; for example, congo red plus 
one drop of any acid. Add the two liquids to a large test tube and 
shake. ^ ^. 

b. To a glass cylinder or t^st tube add equal amounts of the fol- 
lowing liquids: mercury, carbon tetrachloride (or carbon disulfide), 
water and gasoline (or light oil or ether). To highlight the differences 
in density of the liquids, add the following objects; cork, oakwood (or 
other dense wood), an egg, a ct)pper or silver coin, a piece of gold or 
platinum. The five objects will take up positions at the five surfaces. 

3.25. Types of Solution — Degree of Concentration 

Exhibit several colorless solutions of different concentrations. Show 
that visual inspection reveals nothing about their concentration and 
that clear, neat labek are important. Set up six large test tubes of 
water in a rack and add increasing amounts of ^potassium p^ermanganate, 
* or a similar colored substance to each tube. Shake until the contents 
of each tube are completely dissolved^ Use only a few crystals in liie 
first, many in the last, so that the colors will range from very faint 
pink to almost black. Pofnt out that the eye can now detect the differ- 
ences in concentration. Prepare another test tube with a degree of 
color such that it will be intermediate to two of the original series. 
Ask the class to identify where it shoidd be inserted in the rack to 
maintain an increasing concentration relationship amon^ the tubes. 
Point out that if the concentr^ation of the original six were exactly 
known, the upper and lower limits of the concentration of this "un- 
known" could be established. Ask^ th? class to outline a rapid method 
for evaluating ores for their manganese content. 

Dilute a colored solution with water until the color as seen from the 
side of the test tube is not readily discernible. Pour this solution into 
a long narrow tube and show that by looking down through the long 
column toward a sheet of white paper the color is stilf apparent. Com- 
pare with a similar tube filled with plain water. Th^ is the principle 
of Nessler tubes and the DuBosq colorimeter. 

Modem electric colorimeters replace the human eye with a photocell. 
Point out the wide application of this technique in chemical analysis. 
^ Visual or electric colorimeters are easy to construct and make excellent 

projects for students (see references SR-d-S). 

3426. Standard Solutions 

Any solution whose concentration i^ known is called a standard 
solution. Normal and molar solutions are the most common examples 
of standard solutions. ' 

ERIC ^ 
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a. General Techniques of Cleaning Glassware. Before preparing 
any standard solution, the glassware "^to be used should be washed 
thoroughly with a laboratory detergent, rinsed with tap water, and 
then rinsed several times with small amounts of distilled or deionized 
water. The water drains off clean glassware -^vithout leaving drops 
sticking to the glass. j?7atchglasses and pipette must be allowed to 
drain dry before use. Other glassware, such as^ beakers and volumetric 
flasks, can be used while damp. y 

b. Preparation with a Solid Solute. If a solid solute is to be 
used in making a standard solution, first weigh a watchglass.. Add 
the solute to the watchglass until the combined weight of watchglass 
and desired weight of solute is reached. Put about 300 ml. of water 
in a 600-ml. beaker. Transfer the solute to th^ beaker by washing 
the solid off the watchglass and into the beaker. Stir. Wh^ all the 
solute has been dissolved (add more water if necessary), trimsfer the 
solution to a liter volumetric flask. With a y^ash botde squjrt a fewjjj 
milliliters of deionized water around the side of the bei()Jt<f^ Put the 
rinse water into the flask. Rinse the beaker and stirring rod several 
more times, each time adding the rinse water to' the solution. Pour 
distilled or deionized water into the flask until the bottom' of the meniscus 
of the solution reaches die liter mark on the neck of the flask. Holding 
the stopper in place, invert the flask several times to mix the contents. 
Transfer the solution to a labeled stock bottle. The last step is important 
when the standard solution contains a solute such as sodium hydroxide. 
The solutbn can "freeze" the ground glass stopper to the volumetric 
flask. Diagram 3.26 represents an alternate mesthod which may be^u$^. 

C Preparation with a Liquid Solute. If a liquid solute is to be 
used in making a standard solution, it is more convenient to measure 
volume rather than weight of liquid. First it is necessary to calculate 
the volume of solute needed^ 

Look up the specific gravity or density of the liquid./ The informa- 
tion can he found in reference tables in chemical handi)ooks and some* 
times ^ printed on the label of the bottle of liquids such as con- 
centrated apids. Specific gravity can be converted to density by multi- 
plying the specific gravit)^ (ip. gr.> by 1 gm./ml. Use the density 

wei ht * 
formula, D = ^^^^^^ to calculate the required volume of solute. 

Mej^ure.the volume of the liquid solute with graduated pipettes or 
burettes so that tenths of a milliliter can be obtained. 

-Pour a few hundred milliliters of watei* into a beaker. While stirring, 
slowly add . the desired voluipe of solute. Transfer ' the solution to a 
liter volunik^^ flask. Follow the same rinsing procedure and volume 
adjustments listed in \> above. ^ / . 





3.27. Molar Solutions 

a. Defii^tion. A one molar (IM) solution contains one mole oi 
gram-molecular weight of solute per liter of solution. Likewise, a O.lM 
solution contains 0 1 gram-moleculaV weight of solute per liter of 
solution^ By the use of proportions, calculate the weighf of solute 
needed to make any volume of a knbwn molarity. Follow the general 
procedures in activity 3.26 when using the calculated weight of solute 
to prepare the solution. 
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b. Mathematical Applications. ^ 

(1) J^repare a 0.500M solution of sucrose (CjJI,,OuJ. 

A IM solution contains one mole (one gram-molecular weight) 
of solute per liter of solution. 
One mole of Ci^HzsO,, - 342.3 gni. 
^ , 0.500 mole of Q.H^oOn =• 0.500 x 342.3 gm. 

= l.Tlx'lO^gm. 171 gm. 
Add to a volumetric flask 171 gm. of sucrose and enough water 
to jnake exactly one liter of solution. ^ 

(2) Prepare a LOOM solution of sulfuric acid. 

A 1.0(JM solution contains one mole of solute per liter of solu- 
tion. , ' ^ ^. 

One mole of H2SO4 = 9^.agm. 

Assume commercial sulfuric acid (sp. gr. 1.84) contains 9,5.0 
percent acid by weight. 

Commercial acid needed^ = 1.03oc lOfgm. = 103 gm.^ 

Add about 500 ml. of water to the volumetric ^ask first. Care- 
fully add 103 gm. of commercial HaSb^; mix constantly. Cool 
the outside. Care should be taken in adding the acid. 

(3) Determine the molarity of a solution containing 23.1 gm. of 
ethyl alcohol (CtHsOH) in 200 ml. of solution. 

Molecular weight of C2H5OH = 46.1 

23.1 gm. 

Molarity - "^"'^.f 

liters of solution 



46.1 gm ./mole 

0.200 r 



= 2.50 mole ~ 2.50 M 

' • '' 

3.28. Formal Solutions \ 

a. Definiliofin. When referring to substances which either do* not 
exist as molecules or for which the molecular weight is not known, 
it is* more correct to use the expressipn "formula weight" rather than 
"molecular weight." When ^'formula weight" -is used the concentration 
is-iexpressed in 'formality" (f ) rather than in "mblarity." A one- 
formal solution is a solution that contains one formula weight of solute 
p^r liter of solution. 



/ 
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b. Mathematical Applications. 

(1) Prepare a 2.0F solution of NaNOs* 
Formula weight of NaNOs = 85 

Two formula weights of NaNOs = 1.7 x 10^ = 170 

Add to a volumetric flask 170 gm. of NaNOs and enough water 

to make exactly one liter of solution. 

(2) What weight of KCIO^ is required to prepare 300 ml. of F/4 
" (0250 formal) solution? 

Formula weight of KQOa = 123 
, 0.250 gram-formula wt. ^ 123 gm. ^ ^ ^qq 1. 

1_ gram-formula wt. 

= 9.22 gm. 

Add 9.22 gm. to water 'to make ^300 ml. of solution. 

(3) // 25 ml of 3.0F AgNOs are. diluted to a volume of 300 ml. by 
adding water, what is the formality of the diluted AgNOs? 
The number of formda weights in 25 ml. of 5. OF AgNOs = 
0.025 1.x 5.0 ^^^^^ = 0.12 formula-wt. , ' . , 

, 0.12 formula-wt. 
Formality after dilution = 'q^q^ * 



„ ^„ formula-wt. 
^ 0.40 j 

= 0.40 F 



3.29. Normal Solutions . 

a. Definition and t*reparation. A one-normal (IN) solution con- ^ 
tains one gram-equivalent weight of solute per liter of solution. The 
gram-equivalent weight pf^^matcrial is that weight which can com- 
bine with or replace one'gram (on:e gram-atomic height) of hydrogen. 

From the formula of a solute the number of equivalents can be 
found easily. Each positive charge on th6 cation (s) present can com- 
^bine with or replace one gram of hydrogen or its equivalent. Therefore, 
the total positive charge of , the ^olute cation(s) indicates the number 
of hydrogen equivalents. For example, in the formula AU (504)37 
are a total of 2(+3) or 6 positive charges for aluminum ions. Six 
hydrogen ions can be replaced. The equivalent number for aluminum 
sulfate is 6. , 

Tofcalculate llie gram-equivalent weight of solute needed to make 
one liter of 1-normal solution,^imply divide the gram-molecular weight 
of the solute by its number of equivalents. For example, divide the 
gram-molecular weight of aluminum sulfate by 6 to get its gram- 
equivalent weight. 
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Follow the generd procedures listed ii) activity. 3.26 in preparing 
the solution. 

^ If a normality other than IN is desired, calculate the amount of 
solute needed to make IN and then^ise a proportion t;o calculate the, 
amount of solute needed for the required formality 

When carrying out reactions, it Is advantageous to use normal solu- 
tions since equal volumes of the same normalities will give exact com- 
bining weights. 

Mathematical Applications. 

(1) Prepare 1,0N solution b/ hydrochloric acid, 

A IN solution contains on'e gram-equivalent weight of solute per 
liter of Solution. 

Gram-equivalent weight of HQ = gram-formula weight = 
\ 36.5 gm, ""^\ . 

Assume commercial hydrochloric acid (sp. gr. 1.19) contains 38 
^rcent acid by weight. 

Commercial acid needed = ■ = 96 ffm 

.38 ^ 

Place 96 gm. of commercial HQ in a volumetric flask and then 
add enough water to make exactly one liter of solution, 

(2) What weight of Ca(OH):, is required to prepare 150 mi of 
OAlN solution? 

The hydrogen equivalent of Ca(dH)2 is 2. 

Equ -alent weight of Ca(0H)2 ="1/2 x formula weight 

= 0.50 X 74 = 37. 

Weight required = normality x volume x equivalent weight 
= 0 0 1 gm-equiv. wt. • , 37 gm. 

I X U.lO 1. X ~ ; 

*• gm.-equiv. wL 

= 0.06 gm. 

(3) What volume oj water is required to dilute 20 ml. of 0.4ON 
sulfuric, acid to a concentration of O.OIN? 

The amount of pure acid in 20 ml. of 0.40N H2SO4 = 0.020 I 
X 0.40 ^'1^"^^; = 0.0080 gm..equiv. 

Volume of solution after dilution = 0>0080 gm.-equiv. 

0.10 gm.-equiv. L 
= 0.0801. I 
= 80 ml. _ ^ 

The volume of water required for the Hilution equals the final ' 

volume minus the original volume. 

The volume required = 60 ml. 
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\his problem may also be solved by using the method shown in 
activity 3.32 a, ' ^ 

* * 

3.30/ MolaJ Solutions 

a* Definition. One gram-molecular weight of solute is used per 
l,OOO^granis of solvent in making a one-molal solution. Ttife method of 
expriing concentration is used when volumetric flasks are not avail- 
able for use^ in making molar or normal solutions, ^o\al solutions are 
used to determine molecular weights by freezing point depression. 

b. Mathematical Applications. 

(1) Prepare a 1.00m solution oj glycerine CJh(OH)^, 
1 mole of CaHsCOH), = 92.1 gm. 

;A.dd 92.1 gm. of glycerine to 1,000 gm. of water. 

(2) A solution of sucrose (CiJltzOit) iri water is 1,71 mold. How 
many grants of sucrose are dissolved in 800 gm. of water? 

Moles in water = O,0(^ kg. x 1.71 = 1.37 moles. ' 

One mole of sucrose = 342.3 gm. > 

The solution contains 1.37 mole x 342.3 gm. 

mole 

or 469 gm. of sucrose. ^ 
3.31". . Percent Solutions 

, a. Definition. The concentration of a solution is sometimes ex- 
K pressed in parts of solute per 100 parts of solution. A 40 percent s^olu- 
tion contains 40 grams of solute per 100 grams of solution. Since for 
^11 practical ()Urposcs each milliliter of water weighs one gram at lab- 
' oratory' temperatures/one can say the 40 iicrcent solution can be 
made by dissolving 40 grams of solute in 60 ml. (60'gra.rof water. 
, b. Malliematieal Applications^ r 

How' many grams of a 6.0 ^percent solntionTvf NaCl are hecessary 
to yield 4.5. ^m, of NaCl? 

grams T)f NaCl are contained in 100 gm. of solution. 

' One^gram qi NaCl is contained in — gm. of solution. 

' 100 

Weight of solution neef(\ed = ^ gm. x 4.5 = 75 gm. 

'/ ' \ 

0^ 
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3.32. Diluting Standard Solutions 

a. Procedure. Any normal s,olution can be diluted to another 
normality of lower value. Use thg relationship'', 

^volume desired X normality 'desired = volume standard X 
normality standard. 

For' example, assume that 100 ml, of a ClON solution is^esired and 

a l.ON solution Is available. 

100 ml. X O.iON = 1,0N x volume standard 

10 ml, = volume of 1,0N to be usjgd. 
Jin a 100- ml, volumetric flagk, pour a few ml of distilled water. 
With a graduated pipette, transfer 10 ml, of the l.ON standard to the 
Hask, Bring the volume up to 100 ml. by 'adding water. Stopper the 
flask, Vhile firmly holding the stopper, in place, tip the flask back and 
forth so the contents of the flask can become uniformly mixed. 

Molar solutions can be /diluted in a similar 'manner. Use the relation- 
ship volume' desired X the molarity desired = volume standard 
X molarity standard. 

3.33. Comparing Densities 

To prepare a Solution dense enough to float marbles, measure 15 ml, 
of pure water into a dish from a pipette or burette. Add 65 gm. of 
potassium iodide and 75 gra. of mercuric iodide to th^ water and stir 
continuously until the red solid dissolves completely. Upon filtering, 
a saturateil solution "of 30 ml. of K^Hgl^ with a density of 3.19 gm, 
per ml. at 23 ^C. is obtained. Put the solution in a small clear pill 
bd!?re*^vith a plastic top, and provide a neat label. Float a marble 
(density about 2,6 gm. p&r ml,) in the liquid. To prevent deterioration 
of the solution, keep it tightly stoppered, and protect from light when 
not in use by wrapping the bottle in aluminum foil, 

3.34. Stereoisomers 

Certain solutions, notably sugars, have the property of rotdting'tfieN 
plane of polarized li^t. Certain molecules called stereoisoimers (mirror 
images^ exist in right-handed and left-handed arrangements, and cause 
rotation of the light in equal amounts, but in opposite directions. 
Simple instruments called polarimeters (not to be confused with polaro- 
graphs) can be made to identify and measure this property using in- 
expensive Polaroid film. Construction of such instruments makes a 
good student project, especially if it leads into a study of the under- 
lying molecular structures. See references 3R-6-8 for additional in- 
formation. 
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3.35. Degrees of Saturation — Saturated and 
Unsaturated 

Weigh out SQ-gm. portions of photographer's hypo crystals (sodium 
thiosulfate, NaaSoOa-SHaO) . Add 50 gm. of the hypo to 200 nil. of 
water in a beaker and stij iintil all the crystak have dissolved. Dis- 
solve another 50 gm. of hypo crystals in the same solution which can 
now be called concentrated. Continue to dissolve 50-gm. portions in 
like manner uiitil some crystals remain undissolved despite stirring. 
Take the temperature of the solution and calculate the approximate 
solubility of hypo at this temperature (the solubility of the hydrate 
rises from 79.4 gm. per 100 ml. at O^'C to 291.1 gm. at 45°C0. 
Discuss the dynamic equilibrium between the crystals and solution^ 

Filter some of the solution to separate the crystal phase from the 
solution phase. To show that the solution is still saturated, return some 
of the crystals previously removed by filtration. They do not dissolve 
because equilibrium between the two phases was not disrupted by 
filtration. Equilibrium continues to exist after filtration because the 
crystal phase required for equilibrium consists of infinitesimal crystal- 
loids that passed through the pores of the filter paper. 

3.36. Supersaturated Conditions — Hypo 

Continue to add more hypo to some of the solution from activity 
3.35 until the solution is saturated at approximately 75 ^C. Raise the 
temperature a degree or two more to insure complete solution. If the 
solution is cloudy, raise the te^t^iperature 10 degrees more and filter 
while hot with the aid of suction (see diagram 3.36). If necessary. 
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repeat the Hhration using the same filter paper, until clear. Protect 
the solution from dust by covering wi^ cotton or aluminum foil. Cool 
the solution in ice water or, preferably, allow it to stand until the nexi^ 
day. The clear, supersaturated solution will keep indefinitely. 

The precise reasons underlying supersatil ration phenomena are not 
entirely clear, but the condition is always upset if a sm^l crystal of 
hypo is added. Apparently the "seed" acts as a nucleus or center of 
deposition about which the excess solute separates out in the form of 
crystals. Add a single Crystal to part of the supersaturated solution 
of hypo. It will produce one large sit^ of crystallization. If a powdered 
crystal were used it would produce many centers of crystallization 
simultaneously. Feel -the flask to detect the heat of solution being re- 
leased. Ask pupils when ^ this heat entered into the solution in the 
first place. Try seeding another supersaturated solution of hypo (mono- 
clinic*cr/stal system) hy means of a crystal of.sadium chloride. Crys- 
tallization Will not talce place because common salt belongs to a dif* 
ferent crystal system (cubic). 

Since hypo crystals "melt" at due to their own water of 

crystallization, a supersaturated solution can be prepared rapidly. 
Carefully melt the crystals in a dry flask, without adding any water; 
then cool. The flask should be protected from dust with a wad of cotton, 
revolved continuously during the heating to avpid decomposition of 
the salt and removed from the source of heat as soon as solution has 
been effected. ' 

3.37. Other Supersaturated Solutions 

Supersaturated solutions may also be demonstrated by using sodium 
acetate or sodium sulfate. Prepare and seed these supersaturated solu- 
tions using the method described for hypo. Try melting sodium acetate 
(NaQHaOs^SHaO) in the dry state. ' ^ 

Many organic combinations form similar supersaturated states. 
Warm 15?gm. of methyl oxalate in TOO ml. of methyl alcohol and cool. 
Induce crystallization by seeding or agitation and note Ut |he svne 
lime the latent hcat of splution. 

These demonstrations can be made visible to the class to a spectacular 
degree 'by^performing them in a petri dish" on the overhead projector 
(see appendix B-l). Try 66 gm.lof hypo plus 15 ml. of water or 35 
gra. of hydrated sodium acetate inct20 ml. of water. 

3.38. Mixed Solutes — G>mmon Ion EflFect 

Prepare a saturated solution of sodium chloride by adding OrK excess 
of salt to water. Allow it to stand overnight; then fiher. Show that d 
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solution that is saturated for one solute can dissolve portions of an- 
other solute by adding a crystal of potassium permanganate to a por- 
tion of the above solution. Shake the mixture if necessary until the 
characteristic color of the permanganate ion results. This cfEect is 
limited. 

To another portion of the saturated sodium chloride solution in a 
tail cylinder add hydrogen chlwide gas (first dried by passage, throuj^h 
a qalcium chloride tube if necessary). A precipitate of sodium chloride 
will form due to the increase in the chloride ion concentration as the 
hydrogen chloride dissolves. The general term "salting out" is applied 
10 the process of ^parating a solute from a solution by adding a com- 
peting solute. 

3-39. Solvents — ^Water 

Exhibit a three'dimensional model ol a water molecule showing th^ 
105° bond angle (see diagram 3.39) . Such models can be constructed 
readily from rubber balls or large styrofoam spheres of the type used 
for Christmas decorations^ (see appendix 5-2). With the aid of this 
model show how the evident properties of water arise. 




•t 

r 
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An excellent display may be achieved by making four such models. 
Color one model purple to represent the (unreal) situation of a homo- 
geneous distribution of electrical charges in the molecule. Identify the 
color blue with negative and the color red with positive charges. There- 
fore, in this case a blend of tl^e two colors, or purple,Ms used. 

Color two of the models stf that the oxygen atom is a reddish blue 
(indicating that electrons favor the oxygen region of the molecule) and 
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both;the hydrogen atoms are a bluish rei'( indicating that they tend to 
possess their share of electrons less perfectly). The combination of 
shape and color in these models indicates clearly the dipolar nature of 
the molecule. Use the same two models to indicate how a weak bond 
forms between the negative oxygen of one molecule and the positive 
hydrogen of an adjacent molecule. Tbis presents an opportunity to 
point out tfiiit the true formula for water is (HOH)x» where x repre- 
sents the average length of "chain'^ due to hydrogen bonding. This 
**chain" becomes larger as the water is cooled and smali^ as it is 
heated, reaching a value of one in steam. This structure underlie the 
abnormally high boiling point of water: .Contrast with other small 
molecules that do not have hydrbgen bonding, such as Hz, O2 and CO2. 

Pupils can design and carry out an experiment to show that water 
becomes less viscous aS t^e temperature is raised. The experiment in* 
volves an investigation of the variation in speed of filtration with 
temperatuf^* ^ 

The fourth model is colored so that one hydrogen is a true red color 
and separable from the rest of the molecule to represent a hydrogen 
ion. The other hydrogen remains attached to the oxygen and both arc 
a true blue color to represent the hydroxide ion. Use this molecule to 
represent the small but important fraction of water molecules that are 
always dissociated in the ionic state. Show with the- models that the 
free hydrogen ion would b^ strongly attracted to the hydroxide ion if 
it could find one in water. However, as long as it is virtually sur- 
rounded by an ocean of covalent water molecules, it exists as a hy- 
drpnium ion. These models >vlD find innumerable 'occasions for use 
during the course. Their initial construction c^n often be handled best 
by a student. In the absence of models colored chalk diagrams wiD be 
of some help (see references 3R'9). , 

3.40. Solvents — Other than Water f"^ 

a. Drop a crystal of naphthalene into water, another into chloroform. 

b. Add kerosene or mineral oil to test tubes containing (1) water 
and (2) carbon tetrachloride. 

c. Add some benzene to (1) water, (2) acetqne. 

d. . Mix a litrie butter and brown sugar and divide into two portions. 

Stir one portion with hot water. Stir the other with ether at room 
temperature. CAUTION: Use the hood and avoid an open flame 
when using ether, 

3.41. Tinctures 

Divide a quantity of chopped colored flowers^ fruits "or vegetables 
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between two beakers. Add water to one, ethyl alcohol to the other and 
stirir After^ allowing them to stand for a while, filter and compare tlie 
two liquids for solvent ability. Solutions in \Vhich ethyl alcohol is the 
solvent are galled tinctures. They find extensive use in pharmacy. 

3.42. Solvent Extractions - 

Illustrate the research and industrial technique 6f separating a com- 
ponent froiiM a solution by coaxing it into a solvent in which it is still 
more soluble. One ml. of methyl red solution (made by adding 0.02 
gm. of methyl red to 50 ml. of alcohol, then adding 50 ml. of water) is 
added to 50 ml. of water in a separatory funnel. Ten ml. of eth^r 
(CAUTION: Have no flames around) is added, and the dye is ex- 
tracted from the water (see diagram 3.23). Extract a second time with 
a fresh 10-ml. portion of ether and conjbine with the first ether layer in 
a beaker. Repeat as often as necessary until all the dye has been 
extracted from the water, leaving it perfectly clear. Point out that 
extraction by smdl portions like this is more efficient, due to the estab- 
lishment of an .equilibrium between the quantity of dye dissolved in thc\^ 
water and the quantity dissolved in the ether, A doubting pupil can find 
that this is so by attempting tO' get the dye out all at once with one 
50-ml. portion of fether. , * 1 

A similar demonstration can he worked out for the extraction of ' 
iodine from water with carbon tetrachloride. These demonstrations 
illustrate, the basis of the technique used to separate zirconium from 
hafnium and uranium from vanadium. Fission products, .such as plu- 
tonium,.as well as many substances in the petrochemical and organic ! 
fields ai-e separated in this manner. ^ 

3.43. Chromatography^ 

This technique is of critical importance to tnodern' chemistry. Spmc 
areas of research have been' able to progress only because of their 
unique ability to perform delicate separations of closely related mole- 
cules in solutions, such as the separation of amino acids in protein 
digests. In principle the method is closely related to the separation 
of mixtures by liquid solvent extraction discussed .above. An additional 
feature in efffect 'repeats the process aytomatically many times over, 
gradually producing a Reparation of molecules so similar that all other 
techniques fail to separate them, • 

In Irhromatography, a small amount of the mixture to be separated 
is sorbed on a "fixed phase** consisting of a column or strip of a 
chemically inert substance with high-surface*to-volume ratio. Alumina, 
hyjon powder and paper are examples of "fixed phases." A "moving 
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phase" consisting of a liquid in which the components of the mixture 
have small but definite solubilities is passed over the "fixed phase," 
flowing past the sorbed mixture. Because of diiTerences in solnbilitifes 
in the "moving phase*' and differences in degree of sorption by the 
"fioced phase," the components pass down llie column or strip in the 
same direction as the "moving phase," with velocities depending di- 
rectly on solubility and inversely on sorption* Thus, ^in general, the 
components will move at different velocities to each other and will 
be separated one^from another by virtue of this fact. There is no way 
to predict the best choice of'^'ph^ses ((^tIsl particular separation; they 
must be worked out by trial and^^rfdr. Both teacher demonstrations 
and pupil laboratory assignments may be used to illustrate the tech- 
nique. 

o. Cut strips of filter paper, 5 to 6 inches long by % to % inch 
wide. Fold them sharply about 11/4 to l^/^ inches from one end. As- 
semble>the apparatus as shown in diagram S.loo, temporarily ornitting 
the filter paper and the 1,000-mL beaker. 
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Note: Whatman's No» I grade, 12V^ cih. or larger in diameter, ia 
suitable for this experiment both as to rate an^ sorbing tendency. 
Quantitative grades, such as Whatman's No. 50 are slower, although 
they may give better separations^ Similar grades of 6ther manufac 
turers will serve also. The very free-flowing grades (designated "for 
qualitative work*' or "rapid'') or very thick, soft papers should be 
avoided, as separation is likely to be unsatisfactory. With a thin glass 
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rod made by drawing out the end of a stirring rod, place a small 
drop of ink on the center line af the long end of the filter paper strip 
about 14 inch away from the fold* An inkspot about 1/16 inch in 
diameter gives the best results. After it has dried you may add more 
ink to the same spot to build up the concentration without increasing 
the diameter. When dry, hang the strip in Llie apparatus as shown 
in the diagram, taking care that the short end is immersed in the 
water, in the reservoir (to act as a wick) and the long end is not 
immersed in the water of the seaL Place a 1,000-niL beaker over the 
assembly to prevent evaporation from the paper. 

Water will be yincked along the filter paper at a rate of about 0.4 
cm. per minij^when using the paper and conditions suggested. As 
the water pa^es the inkspot, separation of the black spot into colored 
streaks be^ns. After about 20 or 30 minutes from first contact between 
water sutfd spot, there should be several colored streaks at various lo- 
cations on the strip. Shaeffer's Skrip, No. 32 jet black permanent givea 
yellmv, red and blue streaks. Other fountain pen inks will be found 
tprfunctiop well, but not drawing, spotting or "India" inks. Try artists* 
ater colors also. An interesting demonstration of differences among 
inks can be ma^e by sorbing a spot of each of two or more, inks^ sj^de - 
by side on the same strip of paper, developing the cliromatogr^'ms simiiir^ 
taneously under identical conditions by this expedient. A c^mparieou 
of "skrip" permanent jet black with "skrip" permanent blue^}>lack pr 
with "superchrome" permanent jet black, for example, is jntetcsting. 
Handwriting experts use a similar^ technique to identify th6^ ink used 
in signatures. \ 
Stop the chromatogram before it reaches the end. Remove the pa^er 
from the aj^paratus and mark the position of farthest advance .of the 
water. Estimate the most dense part of each streak. Measure the dis- 
tance traveled ^y the water and by each streak (to th^^ nearest 1/10 
inch) from the point of initial>orption of the sample. Substitute the 
values in the following equati^Jn: / 

distance traveled by d^e 

' distance traveled brJiMrter *\' 
The value of Rf for a properly chosen set^'tTfnBted conditi^s is 'a 
characteristic of a particular substance. f\{ can be used as an aid in 
identifying a substance in a complex mixture by comparison with Rf's 
of known sAibstances treated u^ider the identical set of conditions, 

b. Water alone is rarely a good "mobile phase" for chromatography. 
A variety of aqueous, solutions and mixtures of organic solvents are 
used. Rimhermore the substances themselves are generally not colored, 
but are converted to colored derivatives by chemical reactions after 
separation. 
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Prepare a solvent by mi^^ing 87 ml. ol acetone, 4 ml. of concentrated 
HQ Inid 9 ml. of water. Place enough of the solvent in each of two 
1-quart mason jars with lids to bring the liquid level about % inch 
above the bottom of the jar. Prepare two filter paper rectangles, 6 
inches wide by 9 inches long, of Whatman No, 1 filter paper or equiva* 
lent. On the long side of each rectangle" draw a fine pencil Une about 
% inch from the edge. At labeled points spaced 1 inch apart along 
this line place 0.01 ml. of a salt solution of copper (Cu^), iron (Fe**^) , 
Nickel (Ni-^), Cobalt (Co^), Silver (Ag^) and Lead (Pb^) respec- 
tively. Each solution should have a concentration of 5 milligrams of 
ion per milliliter. Place on the same line 0,01 ml. of a solution made 
by dissolving a piece of a copper alloy (size of a penny) in con- 
centrated, nitric acid and diluted to a final volume of 100 ml.^ and 
0.01 ml. of a solution of a silver alloy made from a piece the size of 
a nickel or a dime in the same way '(other metals may be substituted). 
^ Spot each piece of filter paper with the eight solutions. Keeg the 
spbts as small as possible. Wait for them to dry thoroughly. Bend the 
paper around to form a cylinder 6 inches high and sew the edg^ 
togeUiert with no overlap, so there will be no double thickness of paper 
to cause irregular flow. Ulace the paper cylinders in the mason 'jars 
so that the row of dots of metallic ions is just above the level of the 
liquid. Put the covers on ^he jars and allow to stand about 30 minutes, 
until the solvent almost reaches the top of the paper. Remove the 
cylinders, mark the solvent front, and allow them to dry completely. 
Expose one of the papers to hydrogen- sulfide gas in a hood. Then 
spray the other paper (spread out flat) with a 5 percent solution of 
ammonium sulfide in an atomizer^ or paint lightly with a cotton-tipped 
stick dipped into the solution. From .the color and Rf of the spots, 
determine the ions present in the alloys, 

c. Columns of powdered solids were used in chromatography before 
the use of paper became so popular, and the method is still used where 
larger quantities must be separated. 

Try the separation on a silicic acid column of the two dyes D and C 
Violet No. 2 and D and C Red No. 28. The mobile solvent, is a satu- 
rated solution of nitromethane in normal hexdne. In 50 ml. oi the 
mobile solvent, dissolve 25 mg. of each dye. The solution containing 
the dyes is added to the column and the dyes ^ar^ "chased" through 
the column by the addition of more of the mobile solvent (see diagram 
3.43c). 

Another example is the separation of the various color components 
from a petroleum ether extraction of green leaves, using powdered 
sugar as^^the adsorbent. ^The sugar column is mixed with a 9:1 
petroleum e3fer-aii4i>enzene mixture. Anthracene, phenanthrene and 
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naphthalene may be separated on activated alumijia, using ultraviolet 
light to follow the bands, and 95 percent ethyKalcohol as solvent; In 
this case attractive, colored fluorescences are shown. 

Chromatography can be used for separations in radioactivity 
studies. The mixture is spotted on filter paper, separated with a suitable 
solvent, dried, and the 72/ determined with the aid of a Geiger counter, 
which will also measure the quantity of each component present. 



106 



106 CHEMISTRY HANDBOOK ) 

3-44. Gas Chromatography \ 

A highly successful technique for the separation of gaseous mixlu res 
and substances that can be vaperized readily vsllh heat has bf?^n 
developed recently. Its use has spread rapidly throughout restearph and 
industrial laboratories, and its role in the progress of modern chemistry 
should not be ignored, olt resembles orflinary chromatography in that 
it employs a similar column qi a solid, of^en in combination with an 
adsorbed liquid. The moving solvent iff-»J^as, frequently helium, ^nd 
the tiny sample is vaporized into the gaa stream.' The column is gen- 
erally heated, and the exiting'gas flows past an electronic^ detector far 
more sensitive than pbssible in the techniques of ordinary chromatog-** 
raphy. ^ 
, One^Bimple form of detector is d thermistor, a resistor whose value 
fluctudtea with temperature. The rate of transfer of heat by a gas is 
inversely related to its molecular weiight. Thus tke separated gaseous 
components of the original mixture can be detected as they exit by the 
changes in current 'flow (due to Ohm's Law) in the detecting circuit. 
The separate fractions can be recovered by freezing if desired. The 
detection principle can be demonstrated quite easily with a smaU 
resistance. heater of the conical shape' made to fit into rfn ordinary light 
socket. Adjust the current with a rheostat or light bulb in series, so. 
' that the resistance wire glows k du\\ red in air. First, imiperse the 
glowing resistance in a beaker of carbon dioxide, Since the heavi^ 
molecules traifel more slowly than air, they carry the fieat away more 
slowly, and consequently the wire glows a brighter red. Next, invert 
a beaker of helium over, the glowing wi^e, and it loses brightness due 
to the more eflScient cooling. ^ ^ 

While commercial instruments are expensive, construction of a basic 
^instr^ment for ^as chromatography is within the powers of keen 
'students. Consult a recent text on instrumentation" or "instrumental 
methpds of anpily^is." 

^ 3.45. Suspensions ^ 

Dissolve a teaspoon of NaQ^in 500 ml. of water in a glass cylinder. 
Add a teaspoon of clay or mud to an equal amount of water in andlSieV 
cylinder and shake each. Attempt to separate each by filtration. 
V . To show the difference between suspensions and colloids, add two 
; drops of HQ to a test tube containing 25 ml. of a 1 percent freshly 
prepared gelatin solution and two drops of HQ to another containing " 
25 ml. of wd^er. Add a few drops of silver nitrate sojution to each test 
tube. Colloidal AgG forms in the, first test tube and a suspension forms 
' in the second. Allow the tubes to ^tand and observe the rate of settling; 
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^.46. Colloids ; 

niustrale the intermediate position of colloids^Uh respect to solu- 
tions and suspensions. Place three large beakers on^a table. The center 
beaker should contain hot, distilled water, and the other two should 
contain tapwater at room temperature. With a medicine dropper or 
pipette'^dd a 37 percent ferric chloride solution to the Urst beaker and 
stir until it has a moderate yellow color. ^Note the number of drops 
used (30-50) to prepare this true solution. To the hot water in the 
second beaker, add and stir one or two drops of the FeQ, solution. 
Compare the color in the two beakers. , Continue adding drops until as 
many as 40 drops have been added. The deep red color is due to 
hydrolysis of the salt. Accelerated by the higher temperature, a clcAr 
colloidal solution or sol of "ferric hydroxide" is produced and stabilized 
by positive charges. To the third beaker 'add a few ml. of any base, 
then some of the FeQs to produce a coaree suspension of noncolloidal 
ferric hydroxide which soon precipitates. 



3.47. Particle Size oP Colloids — Surface Area 

a. In general, true solutions contain molecules, atoms or ions less 
than 1 millimicron (1 x 10"° mm.) in diameter. In contrast, the colloid 
range is 1 to 100 millimicrons and particles in coarse suspensions are 
larger than 100 millimicrons. This division is arbitrary, and the bound- 
aries are not sharp. , ' 

TJie difference in particle size may be illustrated by subjecting por« 
tions of the contents of the three bedkers from activity 3.46 to the 
process of dialysis. This^process is illustrated in diagram 3.47. Allow 
^ the dialysis to proceed for several minutes and then test the water in 
the beakers with potassium ferrocyanide solution as indicated before. , 
Only the true .solution- contains partiples small enough to pass through 
the membrane. The dialyzate from the thirrf beaker will give a positive 
test for a base with phenolphthalein. 
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" A model of the dialysis mechanisin is made with a glass jar, small 
yellow beads and larger, red matbles. The cap of the jar sljoiild coittain 
several holes a'littlc larger than the beads but too small fpr the marbles 

\to pass^rough. Shake the beads dirough the cap of the jar to illustrate 
why the "ions" from the first beaker can come through the mem'brane 
while the "colloidal particles" in the second cannot. Dialysis, an un- 
portant 'technique in biochemistry, is the process usod by doctors in 

'the "a^ficial kidney."" ' ' ' 

6rx Colloidal particles are ^much heavier than particles in true 
solutions. V . * 

. (1) FiU eaqt of two t^t tubes three-fourths full with a clear gelatin 
solution. Mix^ne parf of ' gelatin to six' parts of hot^water and allow to 
gel. 'Add a quantity of copper sulfate solution to one test tube and an 
ej|ual<6iriount of ferric ^ hydroxide , sol to the other. Allow to stand 
overnight. The jelative si^es of the two particles are shown by the rate. 
' Hi whidh they diffuse through ,the ge]. 

(2)' Add few di:ops of potassium Jerrocyanide Solution to a gelatin 
solution and several drops of jghenolphthalein solution to turn it pink. 
Fill a large test tube two-thirds full with this mixture and allow it to 
gel. 'Now fill the remainder' of the tube with dilute FcQs solution j 
Hydrogen ions diffuse readily through the gelatin and turn the phenol- 
phthalein wlyte. The larger ferric ions diffuse more slowly and form 
Prussian blue with the potassium ferrbcyanide. After several days, three 
bands of color will bg seen in the tube: blue at ihe top, white in the 
middle and pink at the bottom, ' \ 

c. Most of the special properties of colloids are due to their great 
surface. 

Prepare lead tartrate by mixi^^JxaJL solution containing 70 gm. of 
rochelle salt in 100 ml. of water with one containing 60 gm. of 
Pb(N0,)2 in 100 ml. of water. Cool, filter, and dry the solid by press- 
ing it between filter paper. Gently heat about 10 gm. of lead tartrate 
in a test tube until thoroughly charred and stopper immediately. It \vill 
keep indefinitely, but will ignite spontaneously when shaken into the air. 

. ■' * 

3.48. Centrifuges 

Many precipitates form fine suspensions that are diflScult to filter 
because they clog the' pores of the paper or pass through. By multiplying 
the apparer^F weight of the particles, the centrifuge deposits them more 
rapidly than by / unaided gravity. The clear filtrate can then be de- 
canted. The uWra-centrifuge can precipitate proteins from solution 
without altering theni chemically -and is therefore a most useful tool 
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for the biochemist. If the dass hfits not already used. centrifuges, exhibit 
one and demonstrate its correct use. Be sure to emphasize the importance 
of balancing the tubes in the centrifuge in order to avoid vibration. 

r . 

3.49. Importance of Colloids — Types 

' Have the pupik list iO materials they have oo;atacted since arriving 
' at school. The following are examples of some materials whose proper* 
ties are totally or partially due to colloidal effects: textiles, dyes, paints, 
pajper, inks, ^ photographs, soil, rubber, foods, fog, clouds and cos- 
metics. Blood, lymph, milk, sap, viruses, plant and animal protoplasms 
are examples of colloidal solutions. 

.Types of colloids: (Gases form true j^olutions with other gases, 
leaving eight possible categories.) 

• Gds in liquid — foams; such as aerosol shaving cream and foamit^ 
fire extinguishers 

^ • in solid — foaihi rubber, floating soaps containing air 

• Liquid in ga^ — fogs; clouds, "steaifl" risi^ from a beaker of 
boiling water 

• Liquid in liquid — emulsions r milk and mayonnaise , 

• Liquid in'^solzd — gels; gelatine dessprts and jellies ^ ^ 

• Solid in smokesj ^ammonium chloride smx)ke and cigarette 
smoke . , • ' - . 

• Solid in liquid — sols; paints. Inks and toothpaste ^ 

• Solid in solid-— certain alloys, minerals and colored glasses 

3.50. Preparation of Colloids 

a. > Smokes. Burn a little red phosphorus to form a smoke of 
phosphorus pentoxide, P4O10' Expose some titanium tetrachlorida to 
air* It will react with water vapor in the air to form HQ and a smoke 
of titanium dioxide which is used in "sky writing." 

b. Gels. Mix 20 ml. of a saturated solution of calciu'fn acetate 
with 180: mL of 95 percent ethyl alcohol. Squeeze out the liquid, dry 
hands place gel on asbestos and ignite. This is similar to "canned 
heat," ' • fi 

To 10 ml. of sodium silicate solution (water glass) add 30 ml. of 
Qoncentrated HCL This silica gel can be washed free ot acid, oven 
dried and used as a desiccant. 

c. Sols. 

(1) See activity 3.46 for the preparation of ferric hydroxide sol. 

(2) See activity 3.536 foy the preparation of a sulfur sol; or, add 
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a pinch of sulfur to J ml. of ethyl alcohol in a test tube. Heat for one 
or two minutes in a waterbath, being careful not to boil the alcohol. 
When most of the sulfur has dissolved, pour the clear solution into a 
2-ounce Vid^mouthed bottle three-fourths full of water. The sulfur is 
' displaced from the i^Qohol solution when diluted with a large volume 
of water. "^"^ ^ 7 " * ^ 

(3) Add 1 gm. of ars'enious oxide, As^jOq, to 100 mL of distilled 
water, ^oil, cooF and filter. Add a solujtion' of sodium sulfide or bubble 
hydrogien sulfide through to form the AsaSg sol which runs through 
filter paper. Save the sol for lamination over a period of weeks. 

(4) Prepare ,a gold -sol by making a 1 percent solution of gold 
chloride (available from photographic suppliers) in distilled water. 
Add this dlowly, -a drop at -a time, to a solution containing 10 ml. 
Qf stannous chloride in 150 ml. of distilled water. Note the colors as 

• thejP vary with the size of the gold articles. Better colors are obtained 
if 1 ml. of the 1 percent gold chloride solution is added dropwise to 
200 ml. of distilled water containing a little potassium carbonate and 
formaldehyde (40 percent solution in water) . Boding may hasten the 
action. ^ 

(5) Prepare' a starch sol by grinding some starch vigorously in a 
, mortar ^vith a pestle. Add water to the starch and stir. Filter this 

mixture and test the filtrate with iodine solution. The Simulated action 
is that of a collpid mill. '* 

3.51. Precipitation of G>IIoid9 

' Metallic hydroxides and sulfides generally iorm ^ols whose particles 
have a positive surface charge, while negative types are formed by 
sulfur, arsenious sulfide, silicic 'acid, graphite and |he noble metals. 

a. Mutual Precipitation. G)mbine equal portions 'of Fe(0H)3 
sol (positive) and -AsgSa fol (negative). The original charges arose 
due to selective absorption of ions from the sohition. ^ 

b. Precipitation by Ions. Add a few drops of glacial acetic acid 
to India ink to precipitate the colloidal carbon, "^or ^to fresh milk to 
precipitate casein. I'o 10-ml. portions of a negative sol such as AsgSg, 
add 1 ml. of IM ^solutions of Na*, Ca** and Al"*^, and compare their 
effectiveness as precipitants. This illustrates both jfie action of com- 
mercial flocculating agents in speeding up the precipitation of sub- 
stances before filtration and tiie formation of river deltas as colloidal 
clay particles meet sea water. * 

c. Precipitation by Electricity. Introduce two electrodes from an 
8-volt direct current source into a beaker containing an arsenic sulfide 
sol. Pass the current through the colloid for about 10 minutes. The 



i 



SOLUTIONS AND NEAR SOLUTIONS 



111 



r 



arsenic sulfide wjU tje coagulated on the positive terminal. Rubber 
can be deposited /rom^tex in a similar fashion. 

Demonstrate the Cottrell precipitator. See diagram 3.51.^Instead of 
the ammonium chloride smoke, a lighted cigarette may be placed in 
the upper outlet and a suction hose attached to the inlet at bottom. 
The apparatus should be dry. Reversing polarity may improve the 
performance. 
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3.52. ^^tective*G>lloids 

Colloids (ian deceive additional stability from the presence of a 
third componeiit which established itself at the boundary between the 
dispersed and continuous phases. Such stabilizers may function in ^ \ 
several ways such as: by increasing the electrostatic charge, by pro- 
tecting the colloidal particle from neutralization oi its charge, or by a 
detergent effect due to molecules that dissolve partly in the dispersed 
phase and partly in the continuous phase. 

Prepare some simple "baking powder" by mixing sodium bicar- 
bonate powder and powdered aluminum sulfate. Add water and note 
how long the foam lasts. Add ppwdered aluminum, or white of egg 
before the addition of water, and compare the results. Local fire depart- 
ments are-often willing to demonstrate the effectiveness of "foamite" 
extinguishers. 



ERLC 



112 



112 



CHEMISTRY HANDBOOK 



3.53. TyndoU Effect 

a. In a darkened room direct a narrow intense beam of light through 
beakers containing solutions of copper sulfate, sodium chloride, ferric 
hydroxide sol, arsenic sulfide sol and ^ pure water. Glassware should 
be carefully cleaned and all solutions filtered through a dense paper 
before they are used. 

The ultromicroscope (standard microscope with special lighting 
device) operates on the Tyndall effect. It can be assembled as a student 
project (see reference SR-IO) . ^ 

" 6. A variation of the Tyndall effect is known the "synthetic sun- 
set'* demonstration. See diagram 3.53«^The solution in the aquarium or 
b'^ttery jar contains 10 gm. of sodium thiosulfate per liter of solution. 
To this add 5 ml. of concentrated hydrochloric acid for eveVy litei* of 
solution and stir. Darken the room. As colloidal sulfur slowly begins 
to form, thp projected light turns red, then extinguishes. From the 
^ side the scattered light appears blue because short wavelengths are 
jnore easily scattered. This duplicates -a sunset observed through the 
dust layer close to the earth. For polarization effects, see the Physics 
Handbook, activity 5.30. Inste^tkof^ing colloidal sulfur to produce 
this effect, try addipg milk to waM' a few drops at a time. 
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3«54. Brownian Motion 

A microscope may be used to observe the Brownian movement as 
shown in diagram 3.54, For best results use only a little smoke and 
replenish the supply every few minutes. Jf a totally dark room and a 
good arc light are available, projection of the motion may be succes^^Tl 
if the projector is kept near a gogd beaded screen. Try using carmine 
dj^e powder in pure methanol placed on a concave microscope slide. 

Simulated- Brownian motion can be observed by scattering powdered 
camphor crystals on water in a petri dish placed on the overhead 
projector (see appendix B-l ) . 
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3.55. Adsorption by Colloids 

' a. Fill a 200-ml. bottle with freshly activated charcoal (activated 
he'aiing and cooling in a covered crucible)* Arrange apparatus as 
shown in diagram 3.55. Add water to the bottle slowly and collect 
the dispkcea air over water. Compare the volume of. air collected with 
that of the bottle containing the charcoal. 
^ 6. Add some hydrogen sulfide water to a test tube and note the odor. , 
Place some activated charcoal in' th6 tube, stopper it securely and 
shake it from lime to time. Compare with the^ original odor after 15 
minutes. ' y 

c. Prepare colored solutions of any of the following: brown sugar, 
molasses or licorice, indigo and methylene blue, or malachite green 
solution. Add. a spoonful of activated charcoal to the liquid in a beaker. 
Stir, heat gently and then filter. As a control, try thfe same procedure 
using a (5bpper sulfate solution. 

' Addt:l20- 
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d. Bofl some cider vinegar with activated charcoal and fiher. Test 
the filtrate with litmus. Note both odor and taste. 

3.^6« Emulsions 

Demonstrate the formation, types and stability of emulsions. ^ 

a. Add equal amounts of kerosene and water to a glass cylinder, A 
^ little copper sulfate solutioi? may^be added to help identify the water 
layer. Allow it to stand for a short time. Add 1 mL of soap solution 
and shake again. This is an oil in water fO/W) type emulsion. 

ft. Place 100 ml. of level oil in an electric blender and start blender 
Then add 7 ml. Span 85, 6.6 ml. Tween 81, and slowly, 100 mL of 
distilled water. {Tween and Span are commercially available emulsify- 
ing agents; see reference SR IL) This is type, 

c. Mix 5 ml. of oleic add and 30 ml. of kerosene; then stir thoroughly 
while adding 20 ml. of 10 percent triethanolamine in wrfter. Test this 
emulsion, a "waterless" hand cleaner, by trjdng to remove gome oil or 
grease from the hands.- 

3.57. Amorphous Substanccis 

Set up three flasks containing air, water 'and sugar. Call attenti(ln 
to the freedom of the mplecular' motion in each. Review the demoiv* 
stration of Brownian motion (see activity 3.54). ^ 
, Give examples of amorphous solids. Exhibit samples of flowers of 
sulfur, carbon black and $nely powdered aluminum. Pciint out that 
the majority of such powdered solids are amoxphous only to the human 
eye. With some care a small list of solids can: be drawn up which 
show a very low degree of order, or only regions sojnewhat crystalline 
in a matrix of random arrangement for example, glasses (technically 
a, supercooled liquid), and random-coil proteins. Even rubber has crys- 
talline regions (see reference 3R-I2) . 

^ To show that it is dangerous to consider a solid as amorphous, dem- 
onstrate how easy it is for crystals to form. An^nalogy to crystallizliion 
may be demonstrated by "crystallizing" some marbles. Shake a number 
pi marbles (or preferably ball bearings) in a plastic bgx. The marble^ 
represent molecules. While iji violent motion they represent the gas 
phase. When they are permitted to "cool" and "crystallize" in a 
comer of the box, they are found to have close«;ked themselves in 
regular rows and layers, with the familiar pjrramid arrangement of 
cannon balls. Point out that the crystalline tendenc/ in nature (ordered ' 
arrangement), far from being mysteriously achieved is the simple«^t 
to fall into, especially with the aid of intermolecular attractioiS. This 
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demonstration can be projected to great advantage byyplacing some 
shcU shot in a covered petri dish for use with the overhfcad li)roiector. 
Sh«ke the dish to represent the disorder of a gas. Then sttop the agita- 
tion, tipping the dish slightly and the spheres will co%ct in regular 
arrays (See reference 3R'13). To reduce this Hemonstration to the real 
situation exhibit a few iodine crystals in 'a flask. Next, warm them over 
a bunsen burner to produce the' vikible violet vapor, and finally cool 
the flask under the tap to reform the "cfystals. This demonstration also 
projects well if a culture flask with flat sides is used. Have pupils 
indicate the relationship bet^veen the sheU shot in. the petri dish and 
the iodine in -the flask. \ ^ 

3.58. The Geometric Form of Crystals 

a. Exhibit a large and well-formed crystal of copper sulfate or ro- 
cbelle salt. To emphasize the regular geometry show a larger plastic 
model of the crystal made hy cementing together sheets of clear or 
colored plexiglas (or solid plexiglas; see reference 3R'14), FinaUy 

' relate, these models to an exhibit^ of the internal crystal structure made 
wit^ a ball and peg crystal model set. c o 

b. Show a variety of crystals from materials found in the chemistry 
stockroom, such as: 

CRYStAL Form Examples 

Cubic NaQ, KCl, kBrrBa(N03)ii 

Tetragonal HgaCl^, NiSO*, SnOg 

Hexagonal LiKS04 

RhoUic ...A KNO3, la, MgSO,, ZnSO,, K.SO.„ 

AgNOa, K^CrO, ' ' 

Monoclinic Na^COa, KaO„ NaQH.Q., BaQ,, - 

(HjCaO,) Oxalic acid, Na^SO, 

Triclinic CuSO„JC,CrA, H3BO3, CaS,0. 

Additional information on the erystat form of compounds can be 
found in a handbook of chemisfry or reference 3R-15. 
T c. Exhibit crystals composed of : ^ 

(1) Molecules- such as ice, iodine, naphthalene and benzoic acid. 
Note the low melting points, and relate this to/lie attractive forces 
between the molecules. ' . Ja 

(2) Ions— such as potassium bromide, magnesium chloride aria 
barium sulfate. Note the higher mglting points and relate to the force 
of attraction between the ions. Such- crystals are often considered to 
be macromoleeules. • / 
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(3) Atoms—both nomnetallic elements, such as graphite, sulfur 
and the red allotropic form of selenium, and metallic elements, such 
as rods of iron, aluminum and zinc. Vith the a/d of melting points 
from a handbook discuss their bond strengths. 

While not generally apparent all metals are crystalline. This can 
^ be seen in the zinc crystals on galvanized pails, on certahi brass door 
knobs and in electro-depositions such as a lead or silver tr^e. Further- 
more, the /metallic bond is very s^ng, which is the basis for the a 
structural use of metals. A pupil may wish to report on current re- 
search into perfect metal crystals ("whiskere'') and their extraordinary 
strength. See reference 3R^26. Rjeference SR^l? is a good nonmathe^ 
matical explanation of crystal forms. Simple valence theory fe incapable 
of explaining this bond. The problem has given rise to several .theories, 
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but ^ commonly accepted model can be constructed with a ball and 
peg set, see diagram"" 3.58, where thfe balls repr^ent a lattice of metallic 
(the^egs do not represent anything) and the electron^are im- 

, agined as a mobilb cloud permeiting the crystal and not attached to 
specific ions: /t can be seen that an applied e.m.f. would caii$e the 
^ud of electrons to drift through the lattice in 6ne di^cctiog, thus 

' explaining the conijuctiyjty of metals. If the modej is assembled with 
pieces of spVing rather than rigid rods, it can b^ deformed to show 
the crystal stresses that "modify metfi^c properties in the processes 
of rolling, drawing and forging. 



3.59. Sonfe Properties of Crystals ' J 

Some interesting areas for reports and discussions are: 

(1) Allotropic fonnB— Display carbon, sulfur and selenium. 

(2) Polarizing crystalse^ Under the microscope study^ calcite, 
sodium chlorate, potassium hyposulfate quart?. ^ 

(3) Monolayers— -See Langmuir's simple demonstrations i reported 
in the May 1931 issue of the Journal of Chemical Education, 

(4) Crystal repair — See'acti^ty 3.14. 

(5) Crystal purity — Devise an experiment to show that small 
ra|)idly formed crystals of salts ^re likely to be more pure than large 
spectacular ones. ^ 

(6) Deceptive forms— Instead of cubes, octahedrojis form when 
sodium chloride is crystallized from solutions containing urea, am- 
monium hydroxide or alkalis. This illustrates the dangers that beset a 
nonexpert who attempts to identify substances by outward appearance. 

(7) Decrepitation — ^White crystals of NaCl frequently show, a 
dark center due to. mechanically included water. When heated, escap- 

'ing steam fractures the crystal. ^ — - 

(8) Partially crystalline solids— Prepare an exhibit including 
asbestos, highly crystalline polyethylene, "milk glass"" (the white color 
is due to smfdl centers of crystallization), "Pyrpceram" (q, fully cry- 
stallized glass), animal or human hair (they have a helical protein 
structure) and other fibers. 

(9) Imperfections in ci^stals — See reference 3R'18. 

(10) Aligned crystals in metals — See reference 3R-19. 

(11) Recrystallization — Crystallize potassium nitrate from* a solu- 
tion containing ferric chloride by evaporating the water from the 
solution. Dissolve a crystal in a very small quantity of distilled water 
and test for iron with potassium ferrocyanide reagent. Continue to 
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dissolve and recrystallike the remaining crystals until pure KNO3 
crystals are obtained. 

(12) Su6liinatIon:^ Besides iodine, try heating 5 gm. of hexa- 
cnlo^fo-ethane in a 1-Htpr Erlenmeyer flask, or boil 5 gm. of naphtha- 
lenes 4ir-«-J4^ter^ beaker covered with a Mitea- round bottom flask 
containing cold^lcr. 

3.60. Inclasion Complexes 

These interesting substances can be used tp sharpen the pppils* 
apprcipiation of the importance of spacial relations ,(steric effects) in , 
moleqiiiles. They are crystalline mixtures, not true compounds, in which 
the mplecules of one of the components are contained within the 
crystal lattice framework of the other component. The framework may 
be in the form of .channels, cages or layers. The two components are 
present in constant but not stoichiometric proportions. The occurrence 
of the phenomenon is dependent upon appropriate molecular dimensions 
o^ both components. Quite diverse substances can be combined, such 
as argon in hydroquinolie or benzene in nickel cyanide ammoitia c6m- 
plex. The complexes are stable at ordinary temperatures. Melting or 
,;Jissolving the crystals allows the entrapped component to escape. They 
are ajso^ called adducts or occlusion complexes; 

'A $ubtypQ is ^the group called "clathrate compounds." These are 
inclusion complexes in which moleci^J,es of one substance are com* 
plelely caged within the other. This is simple to demonstrate. Saturate 
100 ml. of distilled water with hydroquinone at 30°C. Bubble HjS 
through the solution until saturatc^d with the gas also. Chill the solu- 
tion in an ice-salt bath. SmaU white crystals of the clathrate compound 
will come down with the HgS being caged .within the hydroquinone*. 
Filter the crystals out and wash while on the filter with ice water. 
Air dry the crystals. Show the dry crystals and let tlie students smell 
them ' (they are odorless)., Dissolve a small amount in distilled water; 
the odor of H2S is apparent. Melting the crystals will have the same 
effect of releasing the H2S, which will affect wet lead acetate test^ 
paper. Recover the hydroquinone and show it to be pure by checking 
its melting point 

3.61. Crysti^lizalions 

Crystallizations can be performed to advantage in petri dishes on 
the overhead projector. Use thin transparent layers of solution for 
best effects. 

These procedures produce crystals rapidly and are suitable for class 
demonstrations. 
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a. Seed a supersaturated soWlion. See activity ^3.36, 
6. Dissolve 10 gr&. of powdered oxalic acid in 25 to 30 ml. of ho^ 
water. Neutralize with" ammonium hydroxide and test with litmus , 
paper. Then add a slight excess of NH4OH. Keep the liquid hot. Filter 
while hot through a funnel preheated with hot water. Cool. The white 
crystals are ammonium oxalate. C ^ • 

c. Dissolve flowefT of sulfur in ca||bon disulfide using one gram 
of sulfur per two milliliters of solvent. Pour onto a watchglass and 
set in the draft of a window or hood.* Within a few minutes rhombic 
crystals of sulfur will be visible. CAUTION: Vapor of carbon disulfide 
^Hn ai/ is explosite; keep frpm flames. 

d. ^Spread a little saturated solution of, salicylic acid in methanol 
^ on a pane of glass and allow evaporation to produce a crystal >leaf 

pattern. Also^ try benzoic acid in acetone or an aqueous solution- of 
- hydroquinone saturated at 80 °C. 
^ e Md a few grains of .powdered lead iodide to 50 ml. of boiling 
water. Stir well ^d filter this' i^ito a graduate that haa been preheated 
by hot water to prevent undue cooling of the solution. As the solution 
cools, bMght spangles^ of lead iodide will form. 

/.'Heat a microscope slide until it barely can be handled and then 
. drop melted acetamlde or a hot supersaturated solution of salicylic 

acid on the slide. Spread in a thin laye/ and allow to cool while being 
projected by a microprojector. 

3.62. Growng Large Crystals 

Large crystals can be grown with care and patience. Some good 
ones to try are: sodium potassium tartrate (rocheUe salt), sodium 
nitrate, citric acid, potassium aluminum sulfate, nickel ammonium 
sulfate,' ferric ammonium sulfate, aluminum sulfate, potassium chromium 
. sulfate (chrome alum), potassium dichromatc, magnesium sulfate, 
sodium chloride, copper sulfate, potassium sulfate, potassium bisulfate 
and lead nitrate. The following suggestions may be employed by pupils 
in the laboratory. See also the excellent ideaa in reference 3R-20. 
V ' • • Clean all apparatus carefully and protect solutions from dust at 
all times. ^ 

• Prepare saturated solutions with distilled water, th^ filter care- 
fully. Keep temperature constant. 

* • Rub vaseline around the upper inside rim of the crystallizing 
dish to arrest creeping. * * 

• Evaporate slowly by supporting a plate of glass over the con- 
tainer %o that there is about one-half inch clearance between 

ERIC • ,,1,^0 



120 



CHEMISTRY HANDBOOK 



them, or cover with a circle of Rliet paper. 
• After a few dkys small crystals will form. Select the one with 
most perfect shape and place in another container to act as seed 
crystal, fover again with filtered saturated solution. Inspect daily 
and add more saturated solution when required. Sqrape off small 
bud crystals that form on the large one, and turn the crystal to 
promote even growth. 
Another successful method well worth trying is the following: Place 
two 75-ml. crystallizing- dishes containing solutions with excess* crystals 
(not filtered) 5 cm. apart in a 2-liter jar." Next, carefully cover over 
with distilled* water. A layer of melted paraffin is poured across the 
water surface to seal the systems. Large crystals form during a two 
to six week period. Satisfactory pairs of reagents are: sodium thio- 
sulfate and barium nitrate, calcium chloride and sodium hydroxide, 
lead nitrate and sodium chloridoi sodium sulfate and lead nitrate, 
barimn chloride and ammonium "oxalate and .silver*nitrate a^ sodium 
nitrate. * ^ 

3.63. Water of Crystallization — Hydrated Salts 

Due to the dipolar nature of water, ions in solution exist in a hy- 
drated condition. In certain cases the water molecules are more tightly 
bound in coordinate covalenl bonds. When ions crystallize, water 
molecules are sometimes included in the lattice structure in a definite 
ratio. Such water is regarded as held byt.true chemical bonds. In 
some cases (as in efflorescent crystals), the bonds are very weak. 
In other cases (some m^erals), the bonds are stronger and quite stable. 

Heat small samples^ of crystals of the following substances in test 
tubes: copper sulfate, barium chloride, cobalt nitrate, almn and sodium 
chloride. Although sodium chloride is not a hydrate, it crystallizes 
with a small amount of water that is held mechanically. When the 
crystal is heated, this water is converted to steam thus causing the 
crystal to break apart forcibly. \ 

3.64. Quantitative Analysis of a Hydrate 

This is an excellent exercise for pupil laboratory work if moderately • 
sensitive balances are available. Stress the techniques and mathematics 
involved. ' ^ - 

Prepare a small crucible ^by cleaning, drying, heating a minute or 
two to vaporize any remaining impurities, and allow to cool 'Handle 
the crucible with a piece of paper to avoid a deposit from finger marks. 
Record its weight to the nearest thousandth of a gram. Place barium 
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cUorid^ fcrystals (Baaa-2HaO) in the crucible .until half-filled artd 
weigh again with the same accuracy and record. Heat gently at first, 
then to maximum red heat for 10 minutes; cool and re^^gi. Reheat 
for 5 minutes, cool and weigh again. Repeat this process until two 
successive, weighings give the same results. An allowance of a few 
thousandths of a gram can be made depending on the type of balance 
used. Calculate from the data determined experimentally^ the per-' 
centage of water and the nearest whole number value for x in the 
formula BaQa-xHaO. OAer^ salts can be used with somewhat less 
satisfactory results; for example, CuS04*.5H20 or FeSa4*7H20. See 
also, Manufacturing Chemist's Association, Scientific ^periments ih 
Chemistry, "Composition of a Mixture" 

3.65. Efflorescence 

* a. Counterpoise some crystals of hydrated sodium sulfate of hydrateij 
sodium carbonate on a beam balance. Note the translucent character 
of the crystals. Observe the position of the balance at the end of the 
period and the change in the structure of sodium sulfate. Some hy- 
drates have high vapor pressure-an^ as a consequence Fose their water 
of hydration readily to the ai,^r. 

6. Pulverize some blue vitriol crystals and heat in an ignition tube 
until white. The tube should slant downward to permit water to drip 
. out. Spread the anhydrous salt on white paper when cool. Squirt water 
on it from a wash bottle and observe, 

3.66. Deliquescence 

a. Counterpoise sonfe calcium chloride or solid sodium hydroxide 
in a watchglass. At the end of the period, observe the position of the 
balance and the appearance of the sodium hydroxide. 

b. Display calcium chloride drying tubes and desiccators. Explain 
their use in the laboratory. 

c. Set up an inverted U-tube as in diagiam 3.66. One arm is to 
be half-filled with water, the other with crystals of magnesium chloride. 
Hang the device where the class can follow progress of deliquescence 
during the schooKyear from fall to spring. ^ , 

d. Add to some ethyl alcohol or gasoline that Has been shaken with 
water, some powdered anhydrous copper sulfate. The blue color is a 
chemical test for wat^r^ 

, 3.67. Efflorescence and Deliquescence 

This is a long-term project for a student with the necessary interest, 
ability and patience. Considerable data are to be collected and inter^ 
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preled. "Graphs can and ^ould bje constructed. 

Use dean, dry, large test tubes. Rlace a known amount of anhydrous 
copper sulfate in a test tube. Push horizontally an equal quantity of 
NajCOs • IOH2O to within an inch 'of the copper sulfate. Stopper, and 
keep the tube horizontal. Determine the thaei required for the copper 
sulfate to assume a blue color by the efflorescence of the hydrate (about 
a half hour). , . *• ' 

Repeat the* exercise by: , ' 

• Varying the distance between ^e two .salts " 
^ Using other efiloriescent hydrates'^ 

- • Substituting ^calcium chloride for a^ydrous copper siilfate 

• Varying the relative amounts of the two sails 

• Varying the temperature r * ' 

• Varying the humidity (correlate with relative humidity) " 

• Using reduced pressure in the test tube 

3.63. Drying Agents and Their Use 

Exhibit samples of the following substances and discuss their uses. 

• Concentrated sulfuric acid— used in e^terifications and to dry 



Desiccator materials — calcium chloride, sodium hydroxide, sul- 
furic acid, phosphorus pentoxide (P4O10) 

Silica gel— used to prevent rust of. military and industrial parts ; 
easily regenerated. 
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• "Dowflake" or sinular— this crude calcium chloride recovered 
as a byproduct of the solvay process. It is used to mdt ice and 
to reduce dust on clay tennis courts. It is mjurious to lawns 
and, if used on roads, can cause severe corrosion to underparta 
of automohxies. 

.3.69. Purification of Water 

The following are examples^of situations which present and future 
generations must meet in regard to a growing shortage of usable water: 

• Population pressures require the development of new sources of 
drinking walcx and better conservation of existing supplies. 

- % The same pressures require the production of more food from 
existing farm acreage. This requires fertilizers and more water. 
New arable land must be developed, by irrigation of arid regions. 

• Every rise in living standards is accompanied by an increase in 
per capita water consumption for personal cleanliness, private 
swimming pools and the manufacturing of consumer goods. 

• Increased mdustrfalization places constant new strtuns on water 
resources. It is not uncommon, for a single large plant to equal 
or exceed the daily water consumption of a city, 

• Impurities in water can interfere with certain manufacfuring 
processes or cause premature breakdown of equipment. Many in- 
dustries invest sizable, funds in the chemical treatment of their 
water supply. \ , ' 

The increasing need for water is being met by experimenting with 
new techniques such as the following: 

• The conversion ol 5ca water to potable water 

• Organic monolayers used to reduce evaporation from reservoirs 
9 Chemical cloud seeding 

• Melting of ice on sea water 

• Towing icebergs into ports to supplement the OTsting water supply 
** • Electrodialysis of sea water; sec activity 3.47 

« Use of live steam to turn^ electric generators and the spent steam 
to provide heat for e vapor atioji,, thus reducing the cost of the 
distilled water 

• Ion exchange techniques (presently, too expensive for large-scale 
use) see activities 3.74 and 3.75 

See references 3R 2122 for further infonnation on this topic. 
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3.70. Coagulation — ^Absorption 

Set up t^vo tall cylinders containing a suspension of muddy water 
made v/ith common soil, clay or kaolinite. Keep one cylinder as a 
control Stir into the other 24 ml. of about 3M AlQa • 6Ht,0 solution, 
followed by the addition with stirring of 25 ml. of concentrated 
^ ammonium hydroxide. Allow the A1(0H)3 to settle for one-half hour 
carrying the mud with it. Compare the cylinders. Aluminum sulfate and 
calcium hydroxide We used conunercially. 

3.71. Distillation ^ 

o. If the laboratoiy possesses a Bamstead type still, show the intcroil 
construction by means of a slide or chart and discuss its operation, 
Pupils miiy be assigned to take turns operating the stiB during the 
year to keep the laboratory supplied. 

6. The following demonstration sl\ows that distillation is not a cure* 
all for impurities^. Set up a conventionar laboratory distillation ap- 
paratus with a wate^cooled condenser. Emphasize that there is no 
(}irect contact betAveen the water flowing in the outer jacket and the 
distillation stream inside. Put tapwater in the distilling flask, then add 
a soluble salt such 'as sodium chloride, a suspended material (jclay or 
kaolin), an organic impurity (a few drops of ijnpure kerosene or 
turpentine) and a dissolved gas (some ammonium hydroxide), Di^ill 
about one-half into the receiver. Examine the distillate 'for impurities. 
The clarity indicates that the clay has been , temo>ce^rHhe organic 
liquid, nicely purified, is floating on the ({«^fed -water, Wemoved; 
a drop of phenolphthalein added to. the displlate sho\vs it to contain 
• dissolved ammonia. , j ' 

A quick conductivity test will show tkit salt has been reitioved if 
compared with the original solution. The ^glass- should reach the gen- 
eralization that volatility determines what mil be removed. 
The pupils should reali2e that: 

• The purity of distilled water in a chemistry laboratory is affected 
by gases present in -the atmosphere: HQ, NHa, H^S, SO2. All 
distilled water may contain dissolved COb, giving it an acid 
reaction, but it can be expelled by boiling. ^ 

• The longer distilled water, stands around, the greater the im- * 
purity. If kept in glasSy it becomes contaminated with sodium 
silicate. See activity 3.05. 

• Distilled water is not sterile unless specially protected. If exposed 
to dust, it gradually supports a considerable colony of micro- 
organisms. Sterile distilled water is not necessarily safe for in- 

' jections as it may still contain "pyrogens" (fever-producing 
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' agents). A little potOEsium pennanganate is often added to the 
distilling flask to oxidize such impurities, and the water is then 
triple distilled in a closed systpm. The best distilled water is 
• made by passing the steam through a short section of very hot 
tubing before it enters the condenser. This hot section prevents 
the existence of a film of water on the inside wall of the tubing that 
could allow passage of impurities from distilling flask to receiver 
without vaporization. See reference 3R'23 for additional in- 
formation. ' 

^2. Fractional Distillation 

The previous activity illustrated the problem of separating volatile • 
substances such as ammonia and water. By collecting the distillate in 
portions, the separation is improved. 

a. Place a mixture of 100 ml. of tapwater and 10 ml. of ethyl 
alcohol in the distilling flask. Test a small tsample of the 'Wxture to 
see if it will bum. Distill the mixtflre^hy heating gently and collect' 
,10-nJ. fractions of the* distillate in tiBSt tubes. Test each fraction to 
see if it* will bum. 

Perform the iodoform test on the fractions: Dissolve 10 gm. of 
iodine crystals in 50 ml. of 3N sodium hydroxide. To 10 ml. of this 
reagent add several ml. of the filtrate and heat^ently in a test tube. 
A fine yellow precipitate of iodoform, CHI3, with its characteridlic 
odor of antiseptic ini^cates the presence of ethyl alcohol. 

6. A similar fractionation of 100 ml. of distilled water plus one 
drop of , ammonium hydroxide may be performed. Collect the distillate 
in 5 or 10 ml. portions in test tubes to which a drop of phcnolphthalein . 
indicator has been added. Continue until only ;.4^ ml. remain^ un- 
distilled, then add a few drops of phcnolphthalein to the distilling flask. 
Discuss the effect of refractionating each of these fractions. 

c. ^0 illustrate how refractionation may be done in one step, set-up 
a, distillation apparatus \^dth thermometer and a distilling column in- 
cluded (see diagram 3. 72). ''Separate a 50-50 mixture of carbon tetra- 
chlon*'^'^ (boiling point le.S'^C.) from toluene (boiling point llO.d^'C.) 
with the aid of the column while a similar mjxture is being distilled 
without a column. Read out the ^temperature on' each apparatus at 
^ one^minute iptervals to indicate the progress of the separations. 

J. Some mixtures cannot be separated even by fractional distillation. 
These are called constant-toiling mixtures. At a certain concentration 
hydrogen chloride and water form such a mixture with a boiling point 
of 108.584 dz 0.004®C.- at standard pressure. This is^ referred to as 
"constant-boiling hydrochloric acid." Details may be found in a text 
on quantitative analysis. 
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3.72 

3.73. Vacamn Distillation 

By distillation at low temperatures, delicate organic molecules can 
be protected from detfomposition. TEACHEH DEMONSTRATION 
ONLY: ^ 

Illustrate the basis of the method bylfiliing a round ^ttom flask 
two thirds full of water. Boil a few minutes to expell all air ; shut off 
bunsen burner and stopper the flask; invert the flask and pour cold 
water over it. The >yater boils in this near vacuum anil will continue to 
boil as the flask is passed among members of the class. See Physics 
Handbook^ activity 2.32. Exhibit apparatus usc^ in vacuum^ distillation. 
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3.74. Softening of Water by Ion Exchange 

Ion exchange columns for softening water are useful in high school 
laboratories. This active materials consist of a complex mineral of 
sodium sUico-dluminate oi an organic polymer resin which will exchange 
part of a salt (calcium or magnesium ions) for another (sodium 
ions) which will make the salt unreactive toward soaps. 

A strong solution of common table salt is used to wash out the 
accumulated calcium or magnesium ions after a period of use and 
,thus regenerate the column. Follow the directions that accompany the 
apparatus. • ^ 

Pass hard water made by adding a few. crystals of Epsom salts to 
tapwaler through the column., Test the resulting water v/ith soap solu- 
tipn for hardness. The unwanted ions which cause water to be hard 
are detained by the resin. They have been -exchanged for sodium ions 
which do flot cause hardness. 



3.75» Using Ion-Exchange Resins ^ 

Ion-exchange resins may be obtained at reasonable cost by the 
pound from supply houses. The following resins are recommended for 
the experiments described below: amberlite IR-120(H), amberlite 
IR4B(0H), and amberlite MB-1. Separate columns should be pre- 
pared for each resin. 
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To prepare a column, first pack in a wad of glass wool just large 
enough and tightly enough so that resin particles will not pass through. 
Burettes, lamp chimneys or other glass tubing may be used. See dia- 
gram 3.75. Using caution mix the* resin with distilled water in a 
beaker and allow to stand for at least an hour, preferably ovemiglit. 
This is a necessary precaution because, of the expansion of the resin. 
CAUtlON: Never add a liquid to a dry column; it may shatter as a 
result of the expansion pressure, \ 

Now pour the resin suspension into the prepared column. Excess 
water will run out and the resin will settle to the bottom. Continue 
the process until there b enough resin to fill the burette or column 
tq about five inches itom the'' top. Do not allow the water column to 
drop below the top of the resin at any time. ' 

a. Cation Exchange. Use the amberlite IR-120(H) (^lumn. This 
polystyrene sulfonic acid type resin illustrates the exchange of metallic 
ions for hydrogen. An acid results in the efiluent. 

Add a .1 percent solution of NaCl to the column and test the resulting 
emtit^t for acid content (HCl) |jy ihet^ns of the usual indicators. 

Pass a dilute solution of the NaOH colored witK phenolphthalein 
through the column. The effluent will be colorless. The above exchanges 
tiiay be represented by the following equations: 

Naa+ H*Resin-> Na-Resin + HO 
NaOH+ H*Resin ^ Na-Resin +HOH 

b. Anion Exchange. Use the amberlite IR-4.B(0H) column; 
weakly basic amine groups on this resin take anions and give off hy« 
dr oxide ions. 

Pass the dilute HQ which resulted from above through the column 
and test the eflBuent for acid content. The liquid will be neutral. 

Add a 2 percent solution of MgSO^ to the column and again test 
the eflBuent with an indicator. The resulting solution will be dkaline. 

c- Demineralizing Water. Demonstrate the removal of ions by 
using the propet column. Prepare 2 percent solutions of nickel (II) 
sulfate and copper (II) sulfate. Test for the presence of each com- 
ponent of the ^plution as follows: 

• Test for nickel ions-^add an alcohol solution of dimethyglyoxime. " 
A red precipitate forms. * 

• Te^ for copper ions — add NH4OH until thd precipitate tihat first 
forms dissolves to form a deep blue solution. 

• Test for suftatd ions — add BaQa to obtain- pnfcipitate insoluble 



, in HCl 
> yse CO] 
,the electric current. 



yse conductivity apparatus to show that ions in solution conduct ' 
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Now add tho blue copptf^ Qulfate solution to the amberlite MB-1 
resin. This is a mixture of the other two resins ("mixed bed") and 
absorbs both anions and cations. A second pass through the column 
may be necessary. Now test the effluent for copper ion, sulfate ion 
and for conductivity. Repeat the above process with the green nicket. 
sulfate solution. The composition of the effluent should approximate* 
that of distilled water. Amberlite MB-3 is similar^ in action, bu|:, con- 
tains an indicator to show when its capacity has been exhausted^ 

Explain why a column is used in preference ^to a batch process of 
mixing resin and solutipn in a beajjcer^ (multiplicity of stages ' rather 
than a single* stag**) . ^ 

Mi^iced bed resins are often discarded when exhausted, but on a 
commercial scale they can be regenerated by separating the anion and 
cation resins by flotation (difference in densities), and regenerating 
each resin with the proper chemical (HgSO^ and NaOH). Tile resins 
are ttt^^n remixed and reused. 

H Ion exchange resins have found application in the preparation of 
residue-free boiler waters for ^steani power plants as well as in the 
recovery and separation of materials from industrial process as well 
as in the recovery and separation of materials from industrial processes 
found in streams* By this method peninillin is separated from the 
broth in which it is grown (see reference 3R'24) . " 
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Nonmetals 



4.01. Location of Nonmetals in the Periodic Table 

Use the periodic table as a point of reference to illustrate the chemi- 
cal -and physical properties of nonmetals (see pages 334-335) . Relate 
to activities 2.20, 2.21 and 2.22. 

Have pupils loeate the nonmetals in the periodic table. Show that 
they represent about 20 percent of the element?. Emphasize that there 
is no hard and fast liye between metals and nonmetals, as shown on 
many charts, but a more or less gradual transition. Any element near 
the line may have a mixture of metallic and nohmetajlic qualities. 
This sometimes shows up more readily in compounds than in the 
element itself, as in the case oi aluminum. 

4.02. Some Pfcysical Properties of Nonmetals 

a. Make a display of some common nonmetals usually found in the 
laboratory such ^s: bromine, iodine, sulfur, phosphorus, silicon and 
carbon. Have the pupils list th^ physical properties to bring out the 
lack of common characteristics among nonmetals. In the listing, non- 
metals such as oxygen, nitrogen and chlorine should be inclijded. 
Develop the understanding that most nonmetals are either gases or 

^ brittle solids under ordinary conditions. See reference 4R'l for addi- 
tional material. / * 

b. From the following list, select properties for discussion and com- 
parison : 

Boiling point Heat of formation 

• Color Heat of fusion 

Conductivity for y heat Heat of vaporization 

Conductivity for electricity Luster 

Crystal form * Malleability 

Density ' • Melting point 

Ductility , Odor 

Hardness Solubility 

Heat of combustion Tensile strength 
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c. Melt sulfur to show the relatively low melting point characteristic 
of npmnetals. Attempt to conduct a current through the molten element. 
Repeat, using iodine. 

d. Ignite a piece of charcoal, holding one end in the hand to show 
poor conductivity of heat. Repeat with a lump of sulfur.' Contrast with 
the conductivity of metals. . 

4.03. Some Chemical Properties of Nonmetals 

^Phosphorus exhibits the general properties of the nonmetals. Some 
of tl^e more important chemical properties are: 

• Reacts with both metals and nonmetals 

• Forms acids ^ 
^ Has variable valences 

# Often fomis covalent bonds 

# Is often toxic 

Phosphorus has^an interesting history (see reference 
CAUTION : In all experiments with phosphorus^ the phosphorus resi- 
due should be completely burned or kept totally submerged in water 
until it can be safely destroyed, 

a. TEACHER pEMONSTRATlON ONLY: Ignite ^ little r«/ phos- 
phoms in a deflagrating spoon and lower while still burning into an 
8-ounce gas bottle containing 1 inch of water. Allow time for some of 
the oxide to react with the water, or stopper and, shake. Show (with 
litmus or other indicator) that the water now contains an acid. 

6. TEACHER DEMONSTRATION ONLY: Show that phosphorus 
reacts with metals to form salts* Place a small amount (size, of a pea) 
of red phosphorus in the bottom of a test tube. Form a loose %-inch 
plug of asbestos fibers or pyrex glass wool about 3 inches above the 
phosjAorus aftd add a %,*inch layer of aluminum or magnesium metal 
powder. For an alternate demonstration substitute for the metal a 
^/^•iw^Jlayer of zinc powder or of calcium turnings, or a 1-inch layer 
of sted wool. Cover with another plug of asbestos ox glass wool. 

Heat the red phosphorus with a burner until white fumes appear. 
The metal should now be heated; the magnesium to ignition, and the 
other metals to a red heat. On cooling, the phosphide may be removed. 
Treatment- with water yields impure phosphine which may ignite 
spontaneously. 

4.04. Formation of Salts and Acids 
a. Salts. 

(1) Cautiously sprinkle finely divided zinc dust QX antimony dust 
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into a botde of chlorine. A vigorous reaction will occur. 

(2) Place some powdered, zinc and crystalline iodine in a dry evapo- 
rating dish. Add a drop or two of water with a medicine dropper. The 
combustion is immediate, producing zinc iodide. 

b. Acids. 

(1) ^Bum sulfur in a bottle full of oxygen to produce sulfur dioxidci 
Use a deflagrating spoon. Pour 50 ml. of water into the bottle and 
shake. Test the solution with litmus paper to show the acid reaction. 

(2) Repeat the procedure using charcoal. Show that the resulting 
solution is acidic. 

(3) TEACHER DEMONSTRATION' ON LY< Nonmetat may com- 
bine directly with hydrogen to form acids. Demonstrate that hydrogen 
will bum in chlorine to produce hydrogen chloride gas. This is com- 
bined with water to form hydrochloric acid. Hold a lighted taper to a 
mixture of hydrogen and chlorine contained in a 100- ml. bottle. 

CAUTION: A violent reaction occur^. Add water, shake the bottle and 
test for the hydronium ion with blue litmus. 

V 

4.05. Identification of Anions 

a. Illustrate the general character of anion analysis by performing a 
few typical tests. 

(1) Formation of a Precipitate. Add silvci nitrate solution to a 
solution containing chloride ions. * ^ 

(2) Formation of a Gas. Add a strong sulfuric acid solution to 
sodium nitrite crystals in a test tube. 

(3) Change of Color. Add. potassium permanganate solutipn to a 
solution containing a sulfite salt to which a little acid has been added. 

b. When pupils have had laboratory experience in performing tests, 
issue an unknown to be tested for the presence of Br",I^,C0s"",S04"^, 
SOr-, 0H-, NOr, and NO^-. 

Elements Forming Amphoteric Hydroxides 

Besides the definite metals< and non metal « fhcic are elements with 
some of the properties of each. The diagonal line on the periodic table 
separating metals and nonmetals actually represents a zone of gradual 
transition of properties (see page 334-335). Elements on or near the 
line may be "metalloids** or elements which form amphoteric hydrox- 
ides. Refer to activities 2.20 and 2.21. See also reference 4R'3, 

a. Physical Properties. Point out such physical properties as the 
following: 
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• SUipon — shows metallic luster, is a fair conductor 

• Arsenic — occurs in two forms, one **nonmetallic,"*the other "semi- 
metallic" in appearance; is a fair conductor ^ 

• Tellurium — has a metallic appearance, is brittle and is a poor 
cd&ductor 

• Astatine — beeves generally as a metal 

• Germanium — is metallic, has flaky, brittle crystals; is not a very 
good conductor of he^ or electricity. 

Point out other elements farther removed from the dividing line, 
such as: g 

• Graphite — ^has some luster, is a good conductor of electricity 

• Iodine — has some luster 

• Bismuth — is brittle, is a poor conductor of electricity 

• Selenium — occurs in two forms, gray form exhibits photoconduc- 
tivity 

• Tin — ^has metallic form at room temperature, ia a powder at low 
temperatures 

• CermamuTTi— is a semiconductor 
♦ • Silicon — is a semiconductor 

h* Chemical Properties* 

Aluminum exhibits a typical metallic appearance, good conductivity 
and is high on the electromotive series, but is distinctly metalloid. 

(1) Set up two beakers of water. lAace some sodium chloride in* 
one, pointing out that it is an ionic compound and the water merely 
separates the ions that are. already present in the crystal. Exhibit some 
anhydrous aluminum chloride. It is a rather amorphous powder. Using 
caution, place a small spatula fuU of the aluminum chloride in 'the 
second beaker. It reaqts violently with the water. The temperature of 
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the water rises, as a thermometer will show. Point out that aluminum 
chloride is a covalent mdecule with the actual' formula AlgQfi, as 
determined from moleciSl^ weight analysis of the vapor (see diagram 
•4.066). The water in this case converts it into ions, with partial de- 
composition into HQ and AlgOs. The Al+*+ ion exists in water aa^a 
complex, AlCHgO)©"*^, and when crystallized from water forms a hy- 
drated crystal (Aia3*6H20). Shp>v a sample of such crystals to the 
class. Note: Keep the bottle of anhydrous aluminum chloride tightly 
stoppered when not iri use to prevent decomposition due to wdter vapor 
in th* air. * . 

(2) Set up two dry beakers in a tr^y to catch overflow, with each 
containing about 5 gm. of grai^ular (not powdered) aluminum metal. 
To one beaker add about 25 ml, of 6N hydrochloric acid ; to the other^ 
25 ml. of about ,6N sodium hydroxide* Observe the manner of reaction 
for a few moments noting that the bas^is slower in removing the oxide 
layer on the metal* Ignite'^the bubbles of hydrogen in each beaker. 
Discuss the two different salts that form: 

2A1 + 6Ha gAlQs + 
2A1 + 2NaOH + 2H26 2NaA102 + SHg * 
Exhibit a sample of commercial drain cleaner- Show that it is lye 
mixed with granules of aluminum so that the hydrogen evolved will 
help to break up the matter clogging the drain. Discuss the importance 
of keeping such substances away from alumkium utensils. 

(3) Point out that other metals form chloride compounds that arc 
covalent liquids, such as: SnCU, PbQ*, A5Q3, SbQg and TiQ^- Look 
up theiir unusual properties in a handbook, 

4.07. Amphoteric Hydroxides . ^ 

a. Discuss the following formulas to indicate that acids and bases 
have different structures, then ask the class to suggest names for these 
acids and theiv salts. 

Formula as Base • Formula as Acid, 

Al(OH), HaAlOs (or HAIO, + H^O) 

Zn(0H)2 HaZnO, 
Pb(OH), . H^PbO^ 

b. Show that the substances listed in a above can act as acids or 
bases depending upon their environment. _ 

(1) Prepare a suspension of aluminum hydroxide by adding a little 
aluminum chloride or alun^inum sulfate tp water, followed by a few 
*3rops of dilute sodium hydroxide soluti9n. Divide this among three 
test tubes. Keep the center tube for reference. Add concentrated HQ 
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to one tube an3 a strong solution of sodium hydroxide (6N) to the 
othei^ The precipitate dissolves in both cases, formitig AlQg and 
" NoAIOg respectively, 

(2) Repeat as above, starting with ZnQa. The salts in this case are 
ZnGz and NaaZnOa. Show that the structure of the hydroxide is 
H — 0 — Zn — and where it ionizes de{>en(^s Upon the electron- 
attracting or electron-repelling ability of the central atom. Compare " 
with the action of H— 0— Ca— O-H and H^O— (SOJ--^0— H. 

(3) Prepares dilute solution of Pb(K08)2. Add a dilute solution 
of KOH dropwise until white Pb(0H)2 precipitates. Place in three test 
tubes, and keeping the middle tube as a control, a^d nitric acid to one 
tube (soluble Pb(NOa)a reforms), and approximately 3N KOH solution 
to the other (soluble KzPbOa forms) . 

(4) Add a few dipps of Pb{N08)2 solution to water. Then add a 
few drops of Kt»Cr20j solution which will form the precipitate, PbCrO^, 
This precipitate is solul^le in HQ, forming orange PbCr207, and it is 
soluble In 3N NaOH,. forming yellow NatjPbOtj, 

o 

4.08. Cbcygen in the Atmosphere 

a. Crumple a , piece of , newspaper into a ball, float it in a dish of 
water, ignite the paper, and immediately coVer with a beaker (sec dia» 
gram 408a). Pupik will observe the wat^ risjing in the beaker as it 
cools. Determine if a green plant or an animal would produce a similar 
eff At. . 

6. Pupils may perform a quantitative analysis of oxygen in the at- 
mosphere by one or more of the following methods: 

(1) Moisten the inside of a 200-ml. test tube with dilute acetic acid. 
Add enough iron filings to form a thin layer of iron on the inside of 
the tube, a^ shown in diagram 4.086. Invert the tube over water'and 
leave it undisturbed overnight. An examination the next day 'will 
reveal that most of the iron had. rusted and the water had risen into 
the test tube. Measure the volume of oxygen consumed, as indicated^ 
by the rise in water level. Compare this rise to the original volume of 
air in the test tube and calculate the percent of oxygen in the air. 
Note: Acetic acid is used to moisten the tube instead of water since it 
exhibits a catalytic reaction and hastens the oxidation of the iron. 
Water alone may be used. 

(2) Bend a deflagrating spoon* in the shape of a "F" jas indicated 
in diagraui 4.08c. Place a piece of white phosphorus in the ladle and 
let the apparatus stand overnight. The phosphorus consumes the oxygen 
and the water levef-^ses. It is necessary to aUow sufficient^ , time for 
the phosphorus* pentoxide to dissolve before taking a final reading. 
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CAUTION: White phosphorus may caus^ severe skin injuries. Handle 
with forceps only. Red phosphorus reacts more rapidly (see diagram 
4.08(/), but c6mbustion may not be complete. 

(3) Amateur photographers may be familiar with the manner in 
which a tray of developer will darken on exposure to air. This is due 
toHJxidation of the reducing agent in the developer, a reaction which is 
generally catalyzed by alkaline conditions. Fit the top of a 50-mL 
burette wim a rubber stopper. Determine what volume of 5 percent 
sodium l)(ydroxide solution should be added to the burette so that just 
50 ml. pf^air will remain. Add the required amount of base, then 
quickly dump in 0.5 gm. of powdered pyrogallic acid, stopper, and 
shake. Place the tip of the burette under water and open the pinchcock. 
Note how the water mshes in to replace the oxygen. Allow the burette 
to cool, then raise or lower the burette so that the water level is the 
same inside and outside to bring the remaining gfis to room pressure^ 
Measure the residual-gas and subtract from the original value, 50 ml., 
to find the volume of oxygen. 

/ 
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c. Variations in the composition of the atmospherG are beginning to 
cause some concern. Two variations, under study afe the carbon dioxide 
content and the CH^— 0^*-Tatio. A pupil may wish to report to, the 
class on this problem (see references 4R'4'5) . 

4.09. Ozone 

a. Ozone is a powerful oxidizing agent exceeding all ordinary chemi- 
cals except fluorine in its oxidation potential. Display advertisements 
from chemical magazines to illustrate its growing use as an industrial 
oxidant. (See refereivce3'4/?-6-8 for detailed accounts.) 

6. Generate a little ozone by one of the following techniques and 
observe its odor and properties: 

(1) See diagram 4,096. The platinum wire, which is connected to 
one of the secondary terminals of an induction coil, is held axially by 
the cork and inlet tube. The other terminal of the induction coil is 
connected to a wire wrapped around the outside tube, which is about 
^% inch X 8 inches. 

The yield is adequate to note the odor and to demonstrate the oxi- 
dizing properties of ozone, A nichrome wire may be ^used in place of 
the platinum. 

Nichrome or 
plaHnum wire 



& 




(2) Small" ozone-makers " employing" lamps that emit ultraviolet light are 
on the market for home use. Compare their operation to the action of sunUght 
on the upper atmosphere. There is a layer rich in ozone about 20 miles above 
the earth. Lightning produces a similar effect and causes the air to " smell 
sweet " after a storm; in higher concentrations ozone has a pungent " electri- 
cal " odor (see reference 4R'4). 
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4>10/ Atomic Oxygen 

At an altitiide above 60 miles, large though dOute amounts of dis- 
sociated oxygen are present due to. the reaction: 
Q solar energy 2 0 
> 

This has created interest in utilising the reverse reaction as an iinlim- 
ited energy source for high altitude rackets (see reference 4i?-4 and 9) . 
' Ask a pupil to report on the current state of this researchv 

4, 1 !• Commercial Preparation of Oxygen 

a. Prepare a display of pictures and brochures on the production of 
oxygen by the fractional distillation of liquid air ("air reduction"). 
This process grew during World War I when plants capable of pro- 
ducing several tons of oxygen a day were constructed. At that t\me the 
. principal use was for oxy-acetylene welding. Modem plants produce 
over 100 tons of liquid oxygen ("lox") per day. 

A new cryogenic process for removing oxygen from air is under 
development which requires pressure3^of only 85 lbs, /in. ^ compared 
to present equipment operating at about 2,500 Ibs./in.^. Improved 
techniques in producing low temperatures are the heart of the process, 
which is expected to reduce costs about 25 percent. See reference 
4R-10 for additional information which may be helpful for pupil 
reports. 

Note: Dd not perform any demonstrations involving liquid air. Liquid 
nitrogen demonstrations are to be performed only where proper equip- 
ment and expert handling can be assured. 

dt ► 

4.12. Laboratory Preparations of Oxygen 

a. While preparation from potassium chlorate is not dangerous by 
itself, the possibility cf serious accident is present if any oxidizable 
material gets into the reaction mixture. It is strongly urged that o^er 
preparations be substituted, and potassium chlorate utilized in a 
TEACHER DEMONSTRATION ONLY. CAUTION: Manganese diox^ 
ide obtained front dry cells contains powdered carbon and should never 
be used. 

Oxygen can be prepared in small amounts by heating silver 
oxide, lead dioxide (PbOa), potassium permanganate, rcJ lead (PbaOa), 
and mercuric oxide at suitable temperatures. CAUTION: When work- 
ing with mercury compounds always use the hood. * 
, c. If direct current is available, electrolysis of water is an excellent 
pupil preparation. See reference 4R-11. A 2M sodium sulfate solution 
is preferable to sulfuric acid as the electrolyte. 
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d* Oxygen may also be prepared irom peroxides. Hydrogen perox- 
ide once removed from the original container should not be returned 
because of the risk of contamination and subsequent decompoaition of 
Jthe remainder of the solution. If this precaution is observed, the stand- 
ard drugstore peroxide is reasonably stable^ st(/rage. ' 

Thirty percent solutions of H^Oa ore avoilabl^from chemical supply 
houses. »This is a dangerous oxidizing agent and should not b^ dis- 
tributed, to pupils because it can produce serious skin bums. The 
teaser should carefully dilute the mixture to a 6 percent solution. 

(1) Pl^ce about 5 ml. of a 6 percent hydrogen peroxide solution in a 
15-ml. test tubet Add one or two veJ^ small crystab of potassium per- 
manganate. The mangan^e is rapidly reduced to yield manganese 
dioxide. The manganese dioxide is produced in the form of a fine 
brownish disper^on which is a very active -catalyst for the decomposi- 
tion of the hydrogen peroxide. By proper dosing ^th the perman- 
ganate, one can readily obtain a steady decomposition lasting for 
several minutes during which the glowing splint test and other tests 
may be used to demonstrate the properti^ of the oxygen released. If 
too much permanganate is used, the decomposition occurs rather quickly 

*^,8o that there is little time for demonstrating the properties of the 
oxygen. No hazard exists with 6 percent hydrogen peroxide, regardless 
of the amount of permanganate used. 

(2) For somewhat larger quantities of oxygen, it is convenient to 
place about zS ml. of 6 percent hydrogen peroxide in a 230'ml. Erlen- 
meyer flask. To this may be added a few small crystals of potassium 
permanganate to a total of 50 or 100 milligrams (size of a match head) . 
A steady stream of oxygen will be generated. This may be led to a 
pneumatic trough and collection bottles by means of. a one-hole stoppet 
and tubing. Hydrogen peroxide of 6 percent strength will release 
about 20 times its own volume of oxygen so that a 25 ml. portion will 
produce 50Q ml. of pure oxygen. This procedure avoids all of the 
hazards connected with the usual procedure of heating a chlorate with 
a catalyst. The dilute peroxide solution is virtually harmless, and no 
heating is required. The apparatus illustrated in diagram 4.12</ may 
be used, placing the potassium permanganate in the flask and the 
hydrogen peroxide in a dropping funnel or separatory funnel. 

(3.) Arrange a dropping funnel in a l,OOQ-ml. Erlenmeyer flask 
as shown in diagram 4,A2d^ Place 50 gm. of fresh sodium peroxide 
in the flask. The yield of oxygen is controlled by the rate at which 
water is added from the dropping funnel. Collect oxygen by water 
displacement. 

a 
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4.13. Oxidation 

The history of oxygen and the theory of oxidation is rich in mate- 
rials, especially regarding the nature of the scientific method. Some 
activities are suggested below. See also references 4R-13'17, 

a. Demonstrate the liberation of oxygen by heating mercuric oxide 
(one of JPriestley'^methods) . 

6. Reviev?"lfflf lem^^tration similar to Lavoisier's experiment de- 
scribed in activity 1.33o. , 

c. Roll some steel wool into a tight ball that will fit into a crucible. 
Weigh carefully and heat over* a bunsen burner. To increase the 
extent o&xidation blow a stream of air into the hot steel wool through 
a glass tubing straw. There is a noticeable gain in weight. 

d. Demonstrate rapid o^cidation with pure oxygen by burning small 
samples of magnesium or calcium in a gas bottle filled with oxygen. 
Add a little water containing phenolphthalein indicator, stopper and 
shake to show the formation of bases, ^B%)eat using nonmetals such as 
carbon, sulfur or red phosphorus and litmus or other suitable indicStor 
to show the formation of acids. These reactions should preferably be 
done as pupil laboratory exercises. 



142 



142 



CHEMISTRY HANDBOOK 



4.14. Spcntaneous Combustion 

Discuss the requirements for spontaneous combustion: (1) a slow 
oxidation process, (2) an insulator, and (3) a material with relatively 
low- kindling texnperature. . 

TEACHER DEMONSTRATION ONLY: Cautiously dissolve a piece 
of white phosphorus about the size of a pea in lO^L of carbon disul- 
fide. Prepare only as needed; do not store. CAUTION: This mio^re 
causes painful buru^; Use hood because of nasty odor. Crumple a 
pl^ce of newspaper and place on an asbestos square or in a porcelain 
dish. Pour some of this solution onto the newspaper."** As the solvent ^ 
evtiporates, the phospjic^rus is exposed to oxygen. The paper serves as 
an insulating 'agent permitting kindling temperature to be reached. 

4«JL5^ Dust Explosions 

a. Illustrate the effect of 'particle size upon tlie rate of combustion. 
Hold &n iron nail in the bunsen flame With a forceps. Then sprinkle 
iron filings into the flame from a salt shaker. Repeat with other 
powdered metals. 

6. Illustrate the effect of particle dispersion h\f comparing the burn- 
ing of iron filings piled in a cone on an asbestos square with those 
sprinkled t^into the flame. 

c. TEACHER DEMONSTRATION ONLY: See diagram 4.15c for 
apparatus to demonstrate the effect of a dust explosion by blowing 
lycopodiwn powder, cornstarch or flour into a confined area contain- 
ing a flame. Call attention to the factors involved in rapid oxidation: 
(1) a finely divided cfombustible material, (2) oxygen and (3) a 
source of heat. . 
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Demonstrate this exercise, first, with the lid off the can and, second, 
with the lid Ijn. CAUTION: Keep head hway from mouth of can, and 
do not perform the demonstration under a light fixture, 

4.16. Kindling Temperature 

Demonstrate 'that heating to the kindling temperature is necessary 
in order for burning to occur. Make a copper cross from two strips 
of heavy-gauge copper. Place pieces of red phosphorus, yeUow phos- 
phorus, sulfur and paper on the ends. CAUTIQNS: Only the teacher 
should use yellow phosphorus. Use the hood. Heat the cross in the 
center and note different times at which combustion occurs. 

This may be similarly performed by using a square piece of metal 
(iron).- Place substances in /a circle some distance from the center. 
Support on a tripod and apply heat from the underside of the metal. 
Note relative kindling point of each substance (see diagram 4.16). 
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4.17. Fire Extinguishers 

a. Soda^Acid Type. TEACHER DEMONSTRATION ONLY: Make 
a soda-acid type fire extinguisher by fitting a .widemouthed bottle 
with a one-hole rubber stopper jeontaining a short delivery tube. Nearly 
fill the bottle with a saturated solution of sodium bicarbonate. Place 
a small test tube containing sulfuric acid (1:8) in the bottle, and 
stopper the bottle firmly. Invert and direct the contents against a fire 
made in the laboratory sink. Note: Once the reaction begins, it cannot 
be stopped. 

b. Foamite Type. Prepare a test tube full of a concentrated alum 
solution, containing about ^4 gm. of powdered white of an egg (al- 
bumin). Prepare a ^est tube full of a saturated solution of sodium 
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bicarbonate at the same time. Pour 10 ml. of kerosene into an eva- 
porating dish and ignite it. Hold both of the prepared test tubes over 
the side of the evaporating dish, and pour their contents into the dish 
so that both solutions mix before falling upon the surface of the 
burning liquid. The flames will be extinguished within a few seconds. 

4.18. The Occurrence and History of Hydrogen 

» 

Discuss the occurrence of hydrogen, bringing out the following points 
of interest:* tjj, 

• Some hydrogen occurs in the free state, e^Jceiallx^in "the upper 
' atmosphere. ' . 

• Hydrogen forms more compounds than any other element; most 
of these are organic. 

• The crust of the earth is 1 percent hydrogen by weight, but 16 
percent by number of atoms. 

• A great quantity of hydrogen is present in certain rocks and 
clays; for example, gypsum (CaS04*2H20) , 

• Our sun is 30 percent hydrogen; the universe is primarily hydro- 
gen. 

Hydrogen is the lightest element. 

• One out of every 5,000 hydrogen atoms is twice as heavy; this 
is called deuterium, 

• One out of every 10*^ hydrogen atoms is three times as heavy 
and radioactive. This is natural tritium, produced by cosmic rays 
in the upper atmosphere at the rate of six atoms per square 

- centimeter of, the earth's surface per minute. Every rainfall con- 
tains some of it (see reference 
Discuss the role of t|le following men in the history of hydrogen; 

• Lavoisier 

• Cavendish 

0 

• Dewar 

• Urey ^ 

• Teller 

4.19. Hydrides 

References 4R'19-20 contain information on relativelgg recent uses 
of hydrides. 

Metallic hydride^ are generally unstable, and their preparation is ^ 
hot recommended. 
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4,20. Commercial Preparations, of Hydrogen 

It is weU to stress that production of hydrogen by electrolysis of 
water is too expensive except where electric energy is unusually cheap. 
Other commercial preparations include: 

• Reduction of water by hot carbon 

• Reduction of water by hot scrap iron 

• Destructive distillation of coal 

• Cracking of methane 

• Electrolysis of brine 

• Reaction involving crude oil, oxygen and water 
Preparations of hydrogen from steam are instructive but time con- 
suming and balky. They may be demonstrated during a pupil laboratory 
period as a side exhibit. . 

4.21* Laboratory Preparations of Hydrogen 

a. All pupils should have the opportunity to prepare hydrogen by 
reaction of zuw/with hydrochloric acid. Stress the value of a safety 
valve (thistle tube) in o« gas reactions. Bunscn burners should not 
be lighted until hydrogen has been collected in bottles and the genera- 
tors have been taken apart and washed out. ^ 
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6. Pupil preparation by electrolysis is highly desirable. A simple 
inexpensive apparatus has been designed, see reference 4R.11. In this 
case quantities, such as volume, weight and number of electrons in- 
volved, in the reaction, should be stressed. 

^ c. Later in the course the preparation from the reaction of^ cal- 
cium chip with water is^ instructive. In this case, the Activity series of 
the metals should be stressed. ^ 

d. It is instructive to have half the class pr^g^ hydrogen with 
alummum pellets, not powder, and 6N sodium hydroxide in an ap- 
paratus identical to that being ^used for zinc plus acid. The teacher 
should test the quantities used beforehand to adjust them to the size 
of the generators. Once started, this reaction becomes vigorous. 

Instruct the other half of the class to wrap a smaU piece (no larger 
than the size of a pea) of sodium in aluminum foil to make it easier 
to manage, puncture the foil in a few places with a pin to allow the 
water to contact the sodium and collect as in diagram 4.2W. 

e. Small pieces of sodium, potassium and lithium may be reacted 
with water in a petri dish placed on the overhead projector. This 
method insures safety, clarity and a dramatic effect. Repeat, using 
water to which a little phenolphthaleiri has been added. Note: Sodium 
is now commercially avaUable in the form of convenient spheres 1/16 
to ^ inch in diameter.^ 

4.22. Properties of Hydrogen 

a. DififuflibiHty. lUustrate the ability of hydrogen molecules (o pass 
through openings in a porous clay cup (see diagram 4.22a). 

b. ComLustiLility. Make a stock soap solution as follows: Cut 25 
gm. of pure castile or palm oil soap into thin shavings and dissolve in 
200 gm. of distilled water. When solution is complete, add 100 gm. 
pure glycerine and mix thorougMy. Upon standing, the Uquid becomes 
clear at the bottom. Remove this clear portion with a siphon and 
store for use. It will keep indefinitely. 

Using this soap solution, pass hydrogen from a generator into soapy 
water forming large hydrogen-filled soap bubbles, ignite the bubbles 
as they rise through the room. A noisy but safe explosion will occur. 

c. Reducing Ability. TEACHER DEMONSTRATION ONLY: 
Place approximately 5 gm. of copper oxide (wire form) in an ignition 
test tube and arrange the apparatus as shown in upper diagram 4.22c. 
CAUTION: Make sure all ■ connections are tight. During the demon- 
stration the teacher should wear safety goggles and the pupils should 
view the acUvity only from a distance. ■ Allow the hydrogen generator 
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to run Ions ^^^S^ ^^P^^ /^^^ apparatus before 

lighting the bunsen burner. 

Although 5 gm. of CuO is suggested, the teacher will have to vary 
the amount as experience demands. If the teacher prefers, a U-shaped 
drying tube can be substituted for the one-bulb drying tube. 
Record the following data.: , 

(1) Weight of ignition tube + CuO before healing 

(2) Weight of ignition tube + contents after Heating 



-gm. 
-gm. 



-gm. 



-gm. 
-gm. 



-gm. 



Weight of oxygen removed from CuO (1) — (2) 

(3) Weight of drying tube + contents after heating 

(4) Weight of drying tube + anhydrous CaCU before heating — — 

Weight of HaO formed (3) — (4) 

The loss of weight of the copper oxide, the gain in weight of the 
contents of the drying tube, and the appearance of the characteristic 
reddish color of copper in the ignition tube are indications that the 
black copper oxide has been reduced by hydrogen. 
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Excess qas 
burned 



(:aCl2 drying hubc 




Clamp I caCU 
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Have pupils determine the amount of water, that should have been 
produced duHng die reduction process. Compare their results with the 
difference in weight of the contents of the drying tube before and 
after the reduction of copper oxide^ 

5> An alternate setup is illustrated in lower diagram 4.22c. The hydro- 
gen generator should be kept away from an open flame and covered 
with a cloth towel during the demonstration. 

4.23. Uses of Hydrogen 

Discuss some of the following important uses \>f hydrogen: 

• Production of ammonia by the Haber process, which is the single 
greatest use 

• Production of methane from carbon monoxide 

• Hydrogenation of unsaturated compounds in gasoline in order to 
reduce f ormatipn of sticky resins in storagi;, ^ \ ^ 

^ • Hydrogenation of animal and vegetable oil to remove double bonds 
which are points where bacteria may attackV 

• Hydrogenation in cell metabolism in plants aiid animals 

• Production of synthetic organic compounds \ 

• Economic recovery of low grade ores of cSlbalt, nickel and 
tungsten \ 

Oxy-hydrogen welding torches to produce high temperatures and 
to keep metals free from Contact with, carbon 

• One of a mixture of fuels for rocket engines. 

A fuel ceU operating with hydrogen and oxygen has been proven 
feasible. Hydrogen and oxygen fcreate electricity directly by reacting 
with each other to form water. This is the reverse of the electrolysis 
of water. See refereaice 

4.24. PreparationNProperties and U|es of 
Hydrogen IV^roxide 

a. Preparation. Tlie modem method of producing hydrogen perox- 
ide is by the electrolysis of a strong solution of sulfuric acid. It may be * 
prepared by the older method in the laboratory as a pupil exercise. 

Place 5 gm. of barium peroxide in a beaker. Stir 3 gm. of concen- 
trated sulfuric acid into 100 ml. of cool water in a beaker or flask, aiid = 
cool the resulting dilute acid to 0°C. or below by placing it in a jar 
containing cracked ice (or snow) and sdlt mixture. Mix the cold acid 
and the barium peroxide. Then add powdered barium carbonate 
slowly to this mixture until no more bubbling is evident. The barium 
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carbonate will react with any excess acid. Filter the mixture. The 
ater paper holds barium stilfate aiid a little barium carbonate. The 
filtrate contains hydrogen peroxide in a dilute solution suitable for 
tests- 

b. Properties. The following illustrate the oxidizing properties of 
hydrogen peroxide:^ 

(1) Mix a tiny pinch of starch with a crystal of potassium iodide in 
a test iube half filled with water. Add hydrogen peroxide solution and 
look for a color change which indicates that the iodide has been oxi- 
dized to iodine. 

(2) Pour a little ferrous sulfate solution into a test tube containing 
. 5 ml. of ammonium hydroxide and note the color of the ferrous hydrox* 

ide precipitate formed. Take the same amount of ferrous sulfate as 
-before, add a little hydrogen peroxide, and mix the liquids. Then add 
ammonium hydroxide and note thejcdbr change which indicates the 
presence of ferric hydroxide. / 

(3) Add hydrogen peroxide to a test tube half full of water saturated 
^ with hydrogen sulfide. Note the formation of sulfur. 

(4) Write a message on white paper with colorless lead acetate solu- 
tion and expose it to H^S fum^; black PbS forms. Wipe with a sponge 
moistened, with HgOa. The writing disappears, forming white PbSOa. 
This is the technique used iii restoring darkened oil paintings, , 

To demonstrate the bleaching property of HaOa, add a few crystals 
of borax to \ solution of hydrogen peroxide to make it basic. Put a 
piece of coloiled woolen doth into beaker 'and boil for about 15 
minutes. Comp^ the color with a sample of the wet unbleached cloth. 

^ Uses. Discuss the industrial applications of hydrogen peroxide, 
where it is used as the 100 percent liquid in tank car quantities. Have 
a student interested in rocket research report on its use as an oxidant. 
It is also used to propel torpedo^, and to drive rocket pumps for liquid 
fuels. 



4.25. The Halogen FamUy 

The occurrence and properties of the halogens- are rfelated to their 
positions in the |<feTiodic table (see pages 334-335 and activities 2.20 



and 2.21) . / 



a; Occurrence. Bhiphasize that the halogen elements are too active 
to be found free in nature. Summarize the sources: 

• Fluorine — CaF^; fluorspar and fiuorite--^ 

• CA/orme— NaQ; halite, sea water and brine wells 

• firomme— MgBrz and N^r from sea water 
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• hdine—NalOs, kelp and KI 

• Astatine — Radioactive artificial element prepared by the bombard- 
ment of bismuth with alpha particles (see reference 4/J-22) 

b..* General. Properties. Prepare a chart comparing the properties of 
the halogens as in the chart below. 

THE HALOGEN FAMILY 





Symbol 


ah 


at 
Na 


E((^c^ronic 
Struct Kird 


Color and Form 


Melhinq 
Pomh 


Boilinq 
Poin^ 


Sodium 
Halldtf- 


Haloqen 
Acid 


Fluorine 


F 


mo 


9 




Pale yellow qas 


-223*C 


-I67*C 


NaF 


HF 


Chlorine 


CI 


55A6 


17 


- 2-6-7 


Greenish yellow qas 


-I0I.6* 


34.6* 


NaC\ 


HCl 


Bromine 


Br 


79192 


55 


2-6-16-7 


Pcddlsh brown liquid 


-73* 


56.7* 


NaBr 


HBr " 


iodin<2 , 


I 


I2&9 


53 


2^6-16-7 


Grayish black lustrous 
solid y 


113.5* 


164.* 


Nal 


HI 


AsI'dhne 


A^ 


(210) 


as 


2-6-18-32- 
16-7 


Synl-hcsizcd 'in i94C 
propcrrics. The only 
stable isol'ope. 


Li^M<? 
haloqer 

1 


Is kno 
\ wihh 

1 


iA/n ab 
ou^ a 


Dul- Ihs 



Other properties that may be compared are: 

• Valences 

• Activity 

• Heats of formation of the binary acids 

• Atomic radii 

• Nuclear radii 

4.26. Uses of Fluorine and Its Compounds 

Widespread interest in fluoridation of water to prevent dental caries 
'has brought this element to public attention (see references 4R'23'24) , 
but it has always had important uses and new uses are being discov- 
ered. Emphasize the exceptional nature of fluorine chemistry as being 
due to its small atomic radius resulting in greater cpntrol of the orbital 
0 electrons. Suggest the foUowing topics for reports arid discussions: 

• Fluorine gas as an oxidizing agent in the laboratory and^ in 
fluorine bomb calorimetry (see reference 4R~25) 

• Fluorine gas as an oxidant for rockets 

• Fluosilicic acid, an important byproduct of\phosphate production, 
used in water treatment (see reference' 4^^-124) 

• Plastics which are highly inen, faeat resistant and virtually un- 
breakable (tetrafluoroethylene resins) 

• Separation of uranium isotopes 

• Copper-clad plastics used for printed circuits 
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Refrigerating liquids iargdy of the dichlorodifluoromethane type 

• "Pushbutton sprays" Employ fluorocarbons as propellants 

• Nitrogen-fluorine compounds, such as NFa, Avhich promise impor- 
tant military and commercial applications c< 

4.27. Preparation of the Halogens 

Tlie members of the halogen family are prepared in essentially the 
same manner because of the similarity of their properties. The more 
stable halides require greater energy to liberate them from their com- 
pounds. 

One general method of preparation involves reacting the halide with 
manganese dioxide and sulfuric acid. The general equation for this 
reaction is: 

2Na(-7ahVle) + ZHaSO^ + MnOa NaaSO* + MnSO* + 
- 2HaO + {Ualogen)^ 

CAUTION: Use hood for all hdogen preparations. 

a* Chlorine. A^o^c: Chlorine can be collected over water con- 
veniently, when large quantities are needed, tlue to its slow rate of 
solution. 

(1) React HQ (1:1) and KMnO* (see upper diagram 4.27a). Add 
the HQ drop by drop. The equation for the reaction is: 

2KMn04 + 16Ha -> 2Ka + 2Mnaa + 8HaO + SQ, 

(2) Treat Natl with sulfuric acid (1:4) and an oxidizing agent 
such as manganese dioxide. The apparatus used is the same as shown 
in (1) above. 

(3) A convenient method to prepare chlorine is to add an acid to 
bleaching powder (calcium hypochlorite). Various acids may be used. 
Chlorine is the produ^in all cases (see lower diagram 4.27a). 

(4) The elcctroMi^ of concentrated hydrochloric acid will prQljlce 
equal volumes of h)|[rogen and chlorine. Use the electrolysis of water 
apparatus with graphite electrodes. 

b. Bromine. CAUTION: Bromine is very corrosive and harmful to 
skin tissue, particularly the eyes. Do not breathe bromine vapor or 
allow it to come in contact with the skin. Keep dilute ammonia solutix)n 
nearby in case .of spills. Bromine may be prepared similarly to chlorine 
by oxidation from a binary acid (HBr) . However, a more convenient 
method is to start with a bromide (KBr or NaBr), sulfuric acid (1:1) 
and ^n oxidizing agent Such as manganese dioxide. A glass retort is 
used in the preparation of bromine. Bromine may be collected under 
water since it is only slightly soluble in water or may be condensed 
directly to the liquid (see diagram 4.276) . 
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-Scparahory funnel 




Cardboard 



-Hypo 
soluhion 



CaOCl2-i 



Cardboard 



Hypo 
Sol u Hon 



^ 4.27a 

Note: Pupil preparation of bromine should be limited to small quan- 
tities. Enough bromine can be made from 1 gm. of potassium bromide 
for all the necessary tests. 

c. Iodine. CAUTION: Avoid handling the iodine crystak or breath- 
ing the vapor. Place 2 gm. of potassfum iodide or sodium iodide in a 
beaker. Add an equal volume of manganese dloAide (about 4 gm.) and 
mix thoroughly. Now add 5 to 10 ml of sulfuric acid (1:1) an3 heat 
gently. The iodine formed will crystallize on the cool surface/df the ^ 
funnel as shown in diagram 4.27c. Remove the funnel *and examine 
the crystals. , 
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NOMUETALS 



1S3 



NaBr, , 
H2S04(l-l) 
Mn02 



Tripoi 



Supporh 
Glass rehorh 




4.27 b 



Bahhery 
jar 

Ice cubes 
and wahzr 

Condensed 
liquid 
Jbromine 




Wire 
qauzc 



Iodine 
cryshals 



|+Mn02+ 



4.27c 

4.28, Some Properties of CWorine 

a. Sprinkle powdered antimony into a jar of chlorine. The antimony 
.will spontaneously ignite. 

6. Heat each of the following and thrust them into separate jars of 
chlorine: aluminum, zinc, steel wool and copper foil. 

c. Place a short candle on a deflagrating spoon. Light it and insert 
into a bottle of chlorine. 

J. Dip a piece of filter paper into some warm turpentine. - Using a 
forcep3,Mnsert the moist filter paper into a bottle of^ chlorine. 
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e.^ Add about 50 ml. of water to a bottle of chlorine and shake the 
mixture. Add a piece of colored cotton cloth. or a, red carnation. 
Note: Not all" dyes wUl bleach in chlorine water. Repeat, using a bottle 
of dry chlorine, 

A TEACHER DEMONSTRATION ONLY: Ignite some red phos\ 
phonis on a deflagrating spoon and lowet the burning phosphorus into' 
a bottle of chlorine. Repeat, using burning sulfur in place of the 
phosphorus. Repeat again, using a glowing piece of charcoal. • j 

4.29. Some Properties of Bromine 

a. Demonstrate the formation of hydrogen bromide by bubbling 
hydrogen through liquid bromine. Use an outlet tube made of a piece 
of glass drawn to a smaller diameter at one end. Ignite the hydrogen 
and bromine mixture as it emerges from the tip. Test for evidence of 
hydrogen bromide with moist litmus paper and by blowing breath 
across the tip to show fuming action (similar to HQ with Water vapor). 

6. Sprinkle some powdered antimony into a test tube containing 
both bromine vapor and some bromine liquid at the bottom. Spontane- 
ous combustion will occur. 

4.30. Some Properties of Iodine 

a. liie following is "a particularly effective method of .demonstjrating 
the sublimation of iodine. Heat 10 gra. of iodine in a 1-liter Florence 
flask fitted with a one-hole rubber stopper through which is placed a 
glass tubing about one^eter long. The vapot of iodine can be seen 
ascending the tube and will sublime on the side walls with no vapor 
escaping from the top. Crystals can be removed with ^ thin glass rod. 
Ask pupils to check a handbook and compare subliming temperatures 
and melting, temperatures. ( 

6. Iodine reacts with metals to form salts. ► Mix powdered zinc.With 
• iodine in an evaporating dish. Add several drops of water wiU^ 
medicine dropper. An immediate combination will occur. Powdered^ 
aluminmn'may be used in place of zinc. 

c. Demonstrate the formation of the blue color of iodine witli a 
starch solution. Add a few drops of chlorine water or pass hydrogen 
sulfide through the solution. The blue color disappears. 

4.31. Relative Activity of thcl^&alogens 

Discuss the activity of the elements in Group VIIy4 on the basis of! 
(1) increasing molecular weights, (2) electronic structure and (3) 
ionic radii. 
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Element 


Ionic 
Radh a 


Fluorine 


t 1.36 


Chlorine 


1.81 


Bromine 


1.95 


Iodine 


2.16 


Astatine 


2.22 



See also activities 2.20 and 2.21. 

ff. Place 100 ml. of 10 percent solution of potassium bromide in the 
bottom of a l-liter cylinder. Conduct chlorine gas from a tank or gen- 
erator to the bottom of the cylinder through a piece of long glass tubing 
and bubble the gas through the solution slowly. After a while bromine 
vapor wUl be evident above^ the liquid. This is similar to the method 
of obtaining the element from sea water. 

b. To show that bromine is more active than iodine, add bromine 
water to a solution of potassium iodide in a test tube to which several 
milliliters of CSg, CCU or CHas have been added and shake. The 
replaced iodine will produce a violet color in the organic solvent. 
Repeat, usi^ only bromine and an organic solvent to show the color 
produced. 

4.32. Identification of Bromine and Iodine 

a. To test for the, bromide ion, add chlorine water or several milli- 
liters of potassium permanganate solution and 5 ml. of carbon tetra- 
chloride to the solution and shake. Free Kromine is extracted into the 
carbon tetrachloride layer producing a brownish red color. 

6. To test for iodide ion, add chlorine water (or bromine water) 
and 5 ml. of CHOs, CQ* or CSg. The free iodine is extracted into the 
solvent layer, producing a violet shade. The color obtained will vary 
* with the solvent used. 

c. To test for free iodine add potassium iodide solution to dilute 
starch solution. No color change occurs. Add a dilute solution of iodine 
to starch and blue color is obtained. Iodine dissolved in potassium 
iodide will similarly produce the blue color. Note: If chlorine water is 
used to liberate free iodine, an excess of chlorine will cause the blue 
co\qx to disappear. 

d. To show the effect of iodine and's|arch solution dissolve some 
potassium iodide in a starch solution. Writing made with this solution^ 
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on paper is almost invisible. Develop the writing by moistening the 
paper with hydrogen peroxide. To eradicate the writing, use either 
sodimn hypochlorite or oxalic acid. 

4«33. Some Uses of the Halogens 

a. Chlorine. The United States productive capacity for chlorine 
amounts to more than 11,000 tons per day. Production of paper con- 
smnes the largest portion, about 15 percent. Solvents, automotive 
fluids, including tetraethyl lead, and plastics each require more than 
10 percent of the supply (see reference 4R-26), Some newer uses 
include treatment of industrial wastes, halogen-quenched gejger tubes 
and rocket propellants (as ammonium perchlorate) . 

b. Bromine. There are relatively few uses of plain bromine. Two 
important uses are: 

# TW production of gasoline additives, such as ethylene bromide 

• Testing for uusaturation in organic compoimds «=, 

c. Iodine. Iodine is a specific necessity in the diet for synthesis 
of the thyroid hormone. It has uses in the production of germicides 
and photographic compounds and in analjrtical reactions (iodimetry). 
A recent development is its use in purifying metals such as zirconium 
by causing the vaporized iodide compotmd of the metal to decompose 
on a heated filament, depositing the metal. A repeating iodine cycle 
has been successfully applied to tungsten lamps. Traces of iodine gas 
in the bulb react with the tungsten which evaporates from the lamp^s 
filament. When the tungsten iodide circulates back to the filament, 
heat breaks down the compoimd. Txmgsten then deposits oti the filament 
and iodine is free to repeat the cycle. The bulbs are highly efl&cient 
but, because the filament must be near the walls, require use of quartz 
instead of glass for the envelope. 

4.34. Properties of Hydrogen Chloride and 
Hydrochloric Acid 

a. Place a piece of dry blue litmus paper in a bottle of dry hydrogen 
chloride and demonstrate the nonacidic properties of the gas. Now 
add 25 ml. of water and shake. TTie litmus turns red. The solution 
will react now witk zinc to produce hydrogen. 

6. Over the mouth of a bottle of hydrogen chloride gas invert 
another bottle containing ammonia gas. Note the formation of the 
white smoke, NHaQ. 

c. Blow across the mouth of a hottle containing hydrogen chloride; 
note the formation of the fumes of hydrochloric acid. 
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dt. Demonstrate the action of an hydrogen chloride fountain. Fill a 
round bottom l-Uter flask with hydrogen- chloride gas. Stopper with 
a Ode-hole stopper containing a section of glass tubing, one end 
dra^vn to a smaller diameter. Invert the flask over water as shown 
in diagram 3.19. The water wiD slowly rise in the tube until a few 
miUiliters of water enter the flask. The hydrogen chloride gas dis- 
solves, forming a partial vacuum. Water rushes into the flask, forming 
a fountain. A drop of blue litmus in the water^mcreases the effective- 
ness of the demonstration. ' 1^ 

e. Grind together 1 part by wdght of sodium chloride and 2 parts ^ 
of dry NaHSO^ to a fine powder. FiD two 8-inch x 1-inch test tubes 
to a depth of 2 inches with the mixture. Form a loose ^-inch plug 
of asbestos fibers or pyrex glass wool and place 3 inches above the 
salt mixture. Place a %-inch layer of fine iron filings (or powder) 
on the plug in one test tube and of granulated tin on the other. Ck)ver 
each with a second plug of asbestos or glass wool. Heat the metal red 
hot with a burner flame and heat the salt mixtures with a second burner 
to generate hydrogen chloride gas. Observe the metal for an indication 
of reaction. Cool the apparatus at the conclusion^ of the reaction. The 
products may be tested as follows: Shake the product from the tube 
in which iron was placed in a test ttibe of water and add dilute sodium 
hydroxide solution. A green gelatinous precipitate is characteristic of 
Iron (II) hydroxide. Prepare a sunilar solution from the product 
derived from the tin. When treated with HgaCls it turns gray as it ^ 
is reduced to free mercury. This behavior is characteristic of tin (II) 

salts. ' ^ ' 1 .J . 

Hydrogen chloride produces the metallic ^chlorides of Idwer oxidaUon 
states of the metals in contrast to the action of chlorine which pro- 
duces iron (III) and tin (IV) chlorides. 

4.35. Etching Glass with Hydrofluoric Acid 

TEACHER DEMONSTRATION ONLY: .CAUTION: Hydrogen 
fluoride is an extremely hazardous liquid and vapor which causes 
severe bums thnt may not he immediately painful or visible, /mme- 
diately flush exposed skin under tvater undi the whiteness disappears. 
Pay particular attention to skin under mdts. Refer the burned person to 
his physidan. Handle the wax botde of the acid carefully so that iRe 
fingers do not accidehtaUy penetrate 'the wax. Wear rubber gloves and 
lOGTk aivdvr the, hood. A more interesting procedure than the usual 
exercise on glass etching is described as follows: Melt some paraffin 
in a dish and brush this hot materid onto one ^ide of a i^iece of 
glass. Several pieces may be prepared at the same time. When the 
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parafiSn has cooled, hold the glass over the flame, paraflBn side do^vn. 
As the paraflBn i^plts, allow the excess to drain back into the dish. 
In this way a uniform and very thiii coating is obtained. Obtain a 
child's drawing book of line drawings. Lay the glass, wax side up, 
over a drawing that you wish to reproduce. Use a sharp lead pencil 
to trace the lines of the drawing, cutting down into the glass. Brush 
away any loosened wax. Now brush hydrofluoric acid into the tracings. 
Allow the acid to remain in contact until the next day. Rinse off -they 
acid, scrape off the paraffin, rub with carbon tetrachloride and then/ 
wash with soap and water. (Note: Wax may be removed from the 
glass pflate by dipping glass plate into hot water, drying it and then 
rubbing it with carbon tetrachloride.) Rub over the etching ^vith 
aluminum paint that has been thinned with turpentine and wipe off 
with a clean cloth. The lines of the etching will appear as silver. 
Other materials such as red enamel and bronze paint may be used. 

4.36. Occuirence and Forms of SulfurJ^ 

o. Heat sbine mineral oil in a beaker to '125*C, and insert a test 
tube containing small lumps of sulfur. The sulfur melts at about 113°C. 
Relate to the Frasch process of mining sulfur. 

Note that some of the largest sulfur deposits have been found off- 
shore in the Gulf of Mexico. Hot pressurized Sear water is used as the 
mining tool, and the molten sulfur is brought to shore as a liquid in 
insulated barges. The mining rigs themselves can usually be floated 
to new locations when one site is exhausted. 

6. Considerable sulfur occurs as HgS contaminating natural gas 
suppji^ ("sour gas"). Illustrate the method of removal by inverting 
a jar of moist sulfur dioxide over a jar of moist hydrogen sulfide. 
The sulfur is precipitated according to the reaction: 
2H2S + SOa 3S + 2H2O 
The sulfurg^ generally used to produce Sulfuric acid. 

c. To prepare rhombic crystals, dissolve 1 gm. of sulfur in 2 ml. of 
CS2 and pour onto a watchglass. Place on the overhead projector. 
Within a few minutes rhombic crystals will form. For larger crystals, 
saturate 20 ml. of CS2 with sulfur and filter carefully into a petri ^ 
dish. Cover with several layers of filter paper held down by a book 
to retard evaporation of the solvent. In a few days, large crystals 
will form. For crystals of spectacular size, see reference 4R-27, 

d. Heat sulfur in a casserole until it is just slightly above ita melting 
pomt. Pour half the contents into a filter paper cone and open up 
the cone before the sulfur h^completely set. Examine the needle- 
shaped crystals of monoclinic suBbr. On standing, the crystals slowly 
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revert to the rhombic structure, although the appearance of needles 
will remain. 

e. Continue to heat the balance of the sulfur from d above until 
dark and free flowing, then pour slowly from a height into a large 
heaker of cold water. When cool, pass the elastic strands of plastic 
sulfur to the pupils for examination. 

4.37. Properties and Uses of Sulfur . 

a. Mix well equal parts of ground sulfur and iron filingT ind pour 
the mixture into a test tube. Heat the test tlibe until the suUur-iron. 
mixture begins to glow of its own accord. Ck)ol, break the test tube, 
and examine the contents. Test with a magnet for the presence of iron. 
Test the solubility of the contents in CSg. Add HCl to test for a sulfide. 

6. Heat a test tube that is about one-third full of sulfur until the 
sulfur is boiling and insert a strip of copper foil. Note the change 
in the copper. Add HQ and test for evidence of HaS. 

c. TEACHER DEMONSTRATION ONLY: Grind 2 gm. of powdered 
sulfur with several dropi of mercury in a mortar. A direct combinar 
tion of sulfur and mercury occurs. 

d. TEACHER DEMONS^ATION ONLY: Mix well 1 gm. of pow- 
dered zinc and 2 gm. of p^Sg^suUur. Place ^this^mixture in the 
form of a cone on an asbestos parf4iat rests on a tripod. Place in the 
hood. Ignite the mixture with the flame of a bunsen burner held at 
arm's length. CAUTION: A violent reaction occurs with the forma- 
tion of ZnS. Test the solid forn^ed wifh HCl for evidence that a sulfide 
is formed. 

^ e. Place a piece of sulfur, the size of a pea in a deflagrating spoon. 
Place in the hood and ignite in the bunsen flame. Insert into a bottle 
containing chlorine gas. The combustion will continue with the for- 
mation of a mixture of the chlorides of sulfur. A highly disagreeable 
odot will be evident. 

/. Demonstrate the solubility of sulfur. Into separate test tubes, 
place samples of the three forms of sulfur prepared in activity 4.36. 
Add 10 to 20 ml. of CSj to each and shake each test tube. Pour the 
contents of the test tubes on individual watchgla^ses and allow the 
liquid to Evaporate. Examine the residue and compare the solubiliries 
of the three forms. CAUTION: CS, gives off poisonous, flammable 
and explosive vapor. Use an exhaust hood and keep it may from an 
open flame. 

g. Discuss the uses of sulfur including some of the following pomts: 
• Sulfur consumption in the United States historically has paralleled 
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the advance in general industrial activity. Present per capita 
consumption is about 75 pounds pe^ year. 

• About 80 percent of our sulfur production goes into sulfuric 
acid. One-third to one-half of the sulfuric acid produced go^ 
into the manufacture of fertilizers. 

• About 35 pounds of sulfur are needed to make one automobile. 

• Synthetic rubbers and plastics containing sulfur ("thiokols") arc 
finding many uses, from weather-proofing the United Nations 
building to solid propellants for rockets. 

• A frontier of sulfur chemistry is represented by the development 
of low-melting glasses, containing sulfur, arsenic and thallium. 

4.38. Preparation of Sulfur Dioxide 

a. Ignite a piece of sulfur on a deflagrating spoon and lower it into 
a widemouthed bbttle containing oxygen. The sharp distinctive odor 
of SOg is evident. Add 25 ml. of HoO and shake the bottle. Test the 
solution with litmus to show the formation of HjSOs. 

6. Pour, some concentrated HQ on sodium sulfite or sodium bisulfite 
in a flask fitted with a thistle tube and delivery .tube as shown in 
<Kagram 4.386. Collect the SOg fon&ed by upward air displacement 
since it is both soluble in water and hegivier than air. CAUTION: 
SOm is a poisonous gas and very irritating to the mucous membranes. 
Permit a minimum, of gas to escape into the room. Pour the sulfur 
dioxide solution onto a flat plate in the hood or on a window sill; the 
odor disappears rapidly. 

4.39. Properties and Uses of Sulfur Dioxide 
and Sulfnrous Acid 

a. Ease of Liquefaction. Sulfur dioxide may be easily liquefied 
(see diagram 4.39a). 

b. As a Bleaching Agent. To a bottle or jar containing SO^, add 
a pink carnation, red rose or some fuchsin dye solution. The color 
will slowly fade out. The color may be restored by using an oxidizing 
agent such as H2O2 or dilute- nitric acid.*' 

c. "Aa a Reducing Agent Pass SO^ through an acidified solution 
of KMnO^. The color quickly fades due to formation of Mn++++. Either 
HCl or H2SO4 may be used to acidify the KMnO^. Repeat, using 
potassium dichromate; it turns green due to formation of Cr'^^. 

d. As Both an Oxidizing and Reducing Agent Form H^SO, by 
dissolving SOg in water. Test with litmus to show its acidic property. 
Test with barkim chloride to show theVresence of sulfite ions soluble 
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in HQ (see activity 4,40) , Now expose the solution 6i sulfurous acid 
to an' ultraviolet light source. The acid gradually undergoes auto 
oxidation-reduction and sulfur is precipitated as milk of sulfur. Test 
with barium chloride for evidence of the sulfate ion. 

e. As a Nonsupporter of Combustion. Insert a burning splint into 
a bottle of SOj. The splint goes out. However, in certain catalytic 
oxidations, SO^ is actually used as the source of oxygen. 

f. Solubility. Fill a large dry graduate with SO^. Invert into a 
basin of water and allow to stand. In about 30 minutes the graduate 
is filled with water. Test with a large piece of litmus paper to show 
the presence of H^SOa. 

g. Sulfurous Acid as an Oxidizing Agent. Sulfurous acid usually 
acts as a reducing agent by extmfsling oxygen from other substances 
and becoming oxidized to a ^uTrate. It can, however, be used to bring 
^bouX oxidation. 

Add sulfurous acid to hydrogen sulfide solution. Sulfur precipitates, 
as follows: 

HsSOa + 2H2S ~> 3H2O + 3S 
The sulfi^r of ^sulfurous acid changes in valence (S"*^* -|- 4e S°) . 
This is a reduction. The valence of the sulfur of hydrogen sulfide 
also changes from —2 to 0 (S~ — 2e S°). This is an oxidation. 




4.40. Test f ort^^ulfitg^on 

To test for the presence of the sulfite ion, add a solution of barium 
chloride. Add concentrated hydrochloric acid to the white precipitate. 
Note the solubility. A confirmatory test involves the reduction of 
potassium permanganate to the colorless state. Add a solution of 
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KMnO^ acidified with a few drops of concentrated HCI to the sulfite. 
Note the color change. 

4.41. Preparation of Sulfuric Acid 

At least the crucial part of the contact process should be demon- 
^ strated, as in diagram 4.41. Note: Add supports at points i, 2 and 3. 
Use a tank source of SO^ and Oj for convenience and pass the gas^ 
at a rate of one bubble a second. When the catalyst reaches proper 
temperature, white clouds^ of SO3 will appear. When the ' temperature 
goes too high, its' formation will cea3e. Remove the bunsen burner and 
allow the tube to cool until tKe correct temperature range is again 
entered. Wire the stoppers on the bubble counters so that a sudden 
surge of gas cannot force them out with danger of splashing the 
acid about. 

Iron|ked asbestos is prepared by soaking Gooch ( filtering) asjbestos 
with 10 percent ferric chloride solution, then adding concentrated 
ammonia to precipitate the hydroxide. Filter, wash and dry well in 
an oven at 1^0*'C. Sulfur trioxide is not very soluble in water, but 
enough will dissolve to give a test for sulfate ion. Contrast with its 
solubility in H2SO4. 

Plahnized or ironizcd asbcshos 
I — Class wool plug 

Air space 

To window 
or hood 
^= ► 



Sail-- ice 
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4.42. Properties and Uses of Sulfuric Acid 

a. As an Oily, Heavy Liquid. Pour some concentrated acid from 
one beaker to another to display its physical properties. Compare the 
weight of the acid with that of an "equal volume of water. CAUTION: ^ 
Never permit pupils to handle concentrated sulfuric acid, except in 
small amounts. . * 
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b. As aJDehydradng Agent. / 

(1) To a 250-ml. beaker half full pf .cane sugar, add 100 ml. of 
concentrated H2SO4. Within a Tew seconds the sugar will begin to 
char with the escape of steam and the reduction products of HjSO*. 

* M great deal of heat is' evolved. CAUTION: Do nbt let pupils handle 
the charred carbon, until it has been thoroughly washed to remove all 
traces of acid, ^ ^ 

(2) Repeat, using different iopas of caiulose. Dip into separate 
test tubes of H^SO^: a wood splint, a roll of paper and cotton cloth. 
CAUTION: Do not allow pupils to handle the charred carbon, 

c. As an Oxidizing Agent. 

(4) Place several pieGes of mossy zinc in a large test tube. Add 
concentrated HgSO* and heat gently. Note 4he evolution of both H2S 
ari5^^ SO2. Demonstrate the presence of H2S with moist lead acetate 
paper. Repeat with zinc and JUute H2SO4 and demonstrate that pow 
hydrogen gas is evolved. Impurities in zinc exercise a catalytic effect 
on this reaction. Zinc purified by electrolysis produces appreciable 
H2, even with concentrated acid. 

(2) Sulfur dioxide can "be prepared conveniently by heating any 
form of copper metal fn a flask containing concentrated H^SO*. 
Anhydrous copper sulfate is a byproduct. 

d. As an Acid. 

(1) Demonstrate the difference in conductivity between dilute and 
concentrated , acid. Use an unfrosted lamp bulh in the standard con- 
ductivity testing apparatus. Most commercial acids contain too much 
water to sHow this effect. Try fuming sulfuric^ acid or pass som- SOj 
through the concentrated acid before teaiing. 

(2) Recall the use of H2SO4 to prepare other acipls such as HQ 
and HNOs both as the source of the hydrogen ions and aa a high 
boiling point medium. CAUTION: Always add sulfuric acid to water. 
The reverse process will cause the acid to splatter in all directions. 
When diluting concentrated sulfuric acid, always add the acid slowly 
to the water with considerable stirring, A loash basin*- below the re- 
ceptacle is a good additional precaution, A great deal of heat is/involved 
during solution and even pyrex beakers have been known ta^shatter, 

e. Uses. Tabulate the more important uses of sulfuric acio^ome 
y of the large nonag|^cultural uses are: pickling iron and steel, pro- 
ducing inorganic pigments, production of synthetic detergents, puri- 
fication of petroleum, production of hydrccbiOric ^nd hydrAfliinric 
acids and sulfate salts for various purposes. Production of phosphate 
fertilizers is the greatest use. Point out* an increasing trend to indus- 
trial use of SOs shipped in liquid form; one application is the forti- 
fication of spent acid for re-use. 
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4.43. Test for the Sulfate Ion 

a. Demonstrate the test for the sulfate ion by adding about 5 ml. 
of barium chloride solution to a 500-ml. Florence flask that contains 
about 25 ml. of dilute sulfuric acid in 150 ml. of watei> Shake the 
fiask and hold it against a black background to show the formation 
of white barium sulfate. Add 15 ml. of concentrated HQ to show the 
insolubility of BaSO^ in acid solution. 

Based on the reaction in a ask the class to design an apparatus 
for detection of sulfuric acid in polluted air. 

c. Demonstrate the atmospheric oxidation of sulfur dioxide.. Pre- 
pare fresh sulfurous acid by passing SO^ through cold water. Show that 
no sulfate ions are present by testing a portion of the liquid for &e 
sulfate i^n. Allow to stand in an open beaker overnight* and test again 
the next day. The oxidation can be accelerated by adding hydrogen 
peroxide. 

4.44'. Preparation of Hydrogen Sulfide 

a. Hydrogen^ sulfide is prepared in the laboratory by the general 
method of adding an acid to a sulfide. The use of a thistle tube facili- 
tates the addition of acid. Where large quantities of H2S are required, 
a Kipp generator is suggested. CAUTION : Gaseous HtS is a dangerous 
poison because of its paralyzing acUor^on the respithtory nerve centers. 
Exposure to the gas may produce headaches^ nausea and fainting. All 
laboratory work involving the use of should be done under a-^ 
hood or with a good exliaust fan operating in Ste room. No "pupil 
should work alone with H^S, 

Set up the apparatus as shown in a conventional diagram. Hydro- 
chloric acid is added to iron (II) sulfide to produce HsS. Copper 
sulfate or potassium permanganate solutions may be used to prevent 
the escape of hydrogen sulfide into the room. 

h. Laboratory quantities of H2S may be prepared by heating a 
mixture of Sulfur, paraffin and shredded medium-grade asbestos. The 
evolution of the gas is controlled by the heating* Place a mixture of 
20 gm. of powdered sulfur, ^ to 10 gm. of chopped parafl^n and an 
equal volume of shredded asbestos in a Igrge pyrex tube. Insert a 
one-hole stopper and delivery tube. Heat the test tube to produce H2S 
a^ needed. The tube can be stored and reused. Rosin may be sub* 
stituted for the parafiBn with similar effects. 

c. The use of thioacetamide is rapidly replacing HgS gas in all 
versions of analytical chemistry. Its use in the high school is highly 
recommended. While relatively expensive, it is used in a stable 5 
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perccut aqueous solution and only small amounts are required. In 
use, the solution is add(Sd to the material to be tested and warmed to 
80°G or above. A beaker of . boiling water makes a useful bath for 
this step if the reactions are performed in test tubes. At this tempera- 
ture the normally stable thioacetamide h'ydrolyzes appreciably as fol- 
lows: 

Neutral or acid solutions: 

CH3 _ C — NH2 + 2H2O H2S + NH/ + CH3CQ(h 

II 

S ' . 

The H2S hydrolyzes as follows: H^S ^ 2H+ + S- - 
In basic solutions: 

CH3 — C — NH, + 30H- NH3 + H,0 + S- - + CHaCOO^ 
II 

•■' s , 

The sulfide ioji reacts iigmediately with the cation, and little or no 
odor is appareixl. 

4.45. Properties and Uses of Hydrogen Sulfide 

a. Show / that H;jS is a reducing agent, and therefore oxidizable. 
Pass the /gas tlirough test tubes containing dilute nitric acid, con- 
centrated nitric acid, 3 percent ^hydrogen peroxide and acidified KMn04 
solutioiy. Oxidation to sulfur, sulfite or s^ate may occur; test with 
bariunfi chloride. See M.C.A. experiment /Vo. 23. 

6. Invert a test tube of dry HgS into a dish of water and allow to 
stated. The water rises slowly indicating solubility. This process is slow 
enough to permit the collection of HgS by displacement of water if 
this is considered convenient. , 

c. Burn a test tube oi pure HgS. The burning rate is slow and sulfur 
forms. Mix' one part of HgS with seven parts of air and ignite.^apid 
burning results with production of sulfur dioxide. 

d. Illustrate the use of HgS in analytical chemistry by adding the 
gas or a fresh aqueous solution of HgS to test tubes containing ions of 
zinc, cadmium, lead, antimony, copper, arsenic, silver and an "un- 
known" (see page 336 for sulfide precipitates). See also activity 4.44c. 

e. Clean several pieces of silverware or coins, then expose to HgS 
in order to tarnish them. Line a beaker with aluminum foil, then add 
water and a tablespoonful of baking soda. Heat the water and add 
the tarnished silverware. Exhibit the clean silver to the class. Air 
commonly contains traces of H2S from decaying proteins and tarnish 
occurs when the gas is oxidized to sulfur, perhaps ^h a catalytic 
effect from the metallic surface* The sulfur then reacts with the silver. 
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4 A6. Test for the Sulfide Ion 

a. To test for the presence of thfe sulfide ion, add an, acid (HCl) to 
» the unkno\m and test any gas evolved with moist lead acetate paper. 
A silvery-black color is evidence for HjS. Lead acetate paper is pre- 
pared by dipping a piece of filter or blotter paper into a solution of 
lead acetate. Any soluble lead salt may be used with similar results. 

6. Silver nitrate may be used to test for the sulfide ion. To a solu- 
tion of the unknown, add several milliliters of silver nitrate. AgaS, 
a black precipitate insoluble in HNO3, will form if the sulfide ion is 
present. 

4.47. Occurrence of Nitrogen 

a. Besides the atmosphere and the biosphere, a vast reservoir of 
nitrogen exists in the lithosphere. Volcanic gases have long been known 
to contain nitrogen. Silicate minerals seem to hold the nitrogen trapped 
in pockets in their lattice structure as ammonium ions (and other 
forms). One estimate places the lithosphere as 20 times richer in nitro- 
gen tlian the earth's atmosphere. The earth's atmosphere is believed 
to have contained large amounts of ammonia when the earth's surface 
was still hot (see reference 4R-28J. 

b. JEACHER DEMONSTRATION ONLY: While rather inert, the 
nitrogen of the atmosphere does react during high temperature com- 
bustions. Place a 1-inch cone of magnesium turnings ( not powder) 
on an asbestos pad and ignite the top of the cone with a bunsen burner. 
Direct a stream of nitrogen from a tank of the gas over the hot metal. 
Show that traces of yellow magnesium nitride, MgaNg, are present. 
Dump the cold rei^jdue intQ water to form magnesium oxide and am- 
monia and perform a test for ammonia with a copper sulfate solution. 

c. Point out that atomic nitrogen is very reactive, ds exhibited in 
the atomic nitrogen torch. The nitrogen in the atmosphere has been 
considerably stabilized by, the formation of the diatomic molecule with 
covalent bonds. 

4.48. Pi^eparation and Pt'operties of Nitrogen 

a. The gas remaining after oxygen is removed from air is appro^^i* 
mately lOQ percent nitrogen. Float in a pan *of water a piece of yellow 
phosphorus on a cork 2 or 3 inches in diameter. <tgnite the phosphorus 
by means of a heated stirring rod and cover with a bell jar stoppered at 
the top. Allow time for the phosphorus pentoxide (P4O10) to dissolve 
in the water.* The water will rise to replace the oxygen removed. 
Remove the stopper from the top of bell jar^nd test the gas remaining 
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with a, burning splint. The flame will be extinguished immediately. 
A lighted candle may be used instead of the phosphorus. Use Imie- 
water in the pan to absorb the carbon dioxide. The limewater ne«d ^ 
not be fihered. 

6. Nitrogen may be prepared in the laboratory by passing ammonia^ 
from any conv'enient source over hot copper (II) oxide (wire form).^s^ 
The nitrogen is collected by water displacement. Any ammonia pass- 
ing through the tube dissolves in the water. CAUTION: Remove the 
delivery tube from the trough before removing heat. The apparatus 
is illustrated in diagram 4.486. 

,1 Pyrcx cylinder 
Glass wool I / 



I Glass wool I ^yf^* 




4.46 b 

c. Nitrogen may be prepared by the decomposition of a nitrate. 
The direct heating of a nitrite may be dangerous and the following 
procedure 'is suggested. Arrange a dropping funnel containing a satu- 
rated solution of ammonium chloride so that it may be added drop 
by drop to a Sodium nitrate solution (25 gm. per 100 ml,) in a flask 
which is kept almost at the boiling temperature. Nitrogen is coflected 
by water displacement. CAUTION: Remove the delivery tube from 
the trough before removing the heat. See diagram 4.48c for the appara- 
tus used. 

d. CAUTION: Under no circumstances should nitrogen tri-iodide 
experiments be performed in the high schools. As a substitute for a 
demonstration, discuss the instability of many nitrogen compounds. 

e. Some compounds of nitrogen are very stable. An example is boron 
nitride, a white solid similar in slipperyness, density and crystal struc- 
ture to graphite (hexagonal). Under heat and great pressure it can 
be converted to a cubic crystal structure, like diamond. This substance, 
cubic boron nitride ("borazon"), scratches a diamond with case, the 
only material known to be able to do this, besides other diamonds. 
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4.46c 

Moreover, it can withstand temperatures up to 3,000°F. and has good 
resistance to oxidation. Its use as a substitute for industrial diamonds 
is under consideration. 

4«49« Nitrogen Fixation 

a. To demonstrate the direct combination of nitrogen and oxygen 
by electrical discharge (arc process) use the apparatus shown in dia- 
gram 4.49a. Use any good induction coil to produce the spark. The 
arc^ between the two copper wires (2 cm. apart) causes the direct 
union of the nitrogen and oxygen of the air. The nitric oxide formed 
is converted by the oxygen in the air to the brown nitrogen dioxide 
fumes which are visible. For greater visibility, place a white card 
behind the flask. 

Bend a piece of glass tubing to support a piece of moist blue litmus 
paper. Leave the ends of the tubing open for the entry of the air. The 
moistened blue litmus paper turns pink in 10 to 20 minutes »which 
shows the formation of an acid. 

Disconnect the leads, add 10 ml. of cold water, stopper and shake 
yell. Pour out the solution and perform the brown ring test for nitrates. 
See activity 4.53. 

The arc, process is feasible only where the use of electricity is 
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economical compared to alternate methods. The slowness of this re- 
action points out the relative inertness of nitrogen. Lightning produces 
natural fertilizer in this way. One estimate of the amount produced 
is 50,000 tons per day, carried down to earth as weak nitric acid in 
rainfall. 

b. The recoil Energy of fission particles in nuclear reactors may be 
commercially developed into a technique for fixing nitrogen (see 
reference 4R-29) . 

4.50. The Nitrogen Cyde 

a. The nitrogen cycle provides an opportunity to organize the re- 
lationships among many chemical reactions (see diagram 4.50a). 

b. The problem of world food supply is largely a problem in chemis- 
try. Approaches to the problem involve: ^ 

• Synthetic production of fertilizers, most of which are made from 
ammoms...njapufactured by the Haber process 

• Soil (fcnditioners and films to retard the evaporation of water 

• IVfarine agriculture of fish and plant life 

Producing more food per arable acre with balanced fertilization, 
weed control and insect control ' 

• Acceleration of plant growth by gibberellic acid or other chemicals 
^# Development of better methods of preservation of food during 

transportation and storage 

• Possible synthetic imitation of the photosynthesis process. 
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4.51. Preparation of Nitric Acid 

CAUTION: Preparation of nitric acid by direct oxidation of am- 
monia SH0U£D not be attempted due to the possibility of ex- 
plosion of tlverammonia-oxyQen mixture* Several accidents have resulted 
from this demonstration* 

Nitric acid may be prepared by the addition of sulfuric acid to 
a nitrate using the conventional all^glass retort apparatus. CAUTION: 
Utmost care should be used throughout this exercise since both con- 
centrated sulfuric acid and nitric acid, especially when hot, will cause 
serious injury to the shin and clothing. 

4.52. Properties of Nitric Acid 

"^a. Impurities in Nitric Acid. Exhibit samples of fresh, clear 
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nitric acid and the yellow acid that forms from exposure to light. The 
yelloiv color r^ults from an internal redox reactioK and is due to 
dissolved nitrogen dioxide. Using caution, boil a small sample of the 
yellow variety in a test tube to show that the color disappears as this 
gas is expelled. 

b. "Fuming Nitric' Acid as ah Oxidizing Agent. TEACHER:^ 
DEMONSTRATION ONLY: "Fuming nitric acid" contains dissolved 
nitrogen dioxide in considerable amounts and is a very powerful 
oxidizing agent. 

(1) Place a piece of glass wool in a petri dish or similar dish. 
Pour about 5 mL of « fuming nitric acid on the wool. Place the tip of 
a delivery tube from a hydrogen sulfide generator under the glass 
wool. A vigorous oxidation (fire) takes place as the hydrogen sulfide 
comes in contact with the acid. 

(2) Place glaSs wool in a 150-ml. beaker to a depth of 2 to 3 inches. 
Pour 5 ml. of warm turpentine on the wool. Now drop 2 ml. of yellow 
fuming nitric acid *on it by means of a pipette. After a few seconds 
the turpentine will burst ^into flames. Glass wool is used to provide a 
large surface area and because it is inert. 

(3) Place about 5 mL of fuming nitric acid in a pyrex test tube. 
Loosely insert a plug of straw or excelsior into the mouth of the tube. 
Heat gently. After a few seconds the straw will suddenly burst into 
flame. Wool or glowing charcoal may be used in place of excelsior. 

c. Concentrated Nitric Acid as an Oxidizing Agent. Concen- 
trated nitric acid used in the laboratory contains 68 percent of HNOb 
by weight. It is a powerful oxidizing agent but not so powerful as 
"fuming nitric acid." Concentrated HNOg will oxidize both nonmetals 
and metals. , 

(1) Place 1 gm. of sulfur in a pyrex test tube, cover, with con- 
centrated nitric acid and heat to boiling. Cool the mixture and test 
for the sulfate ion, 

(2) Prepare a flask containing copper scraps as in diagram 4.52c. 
Add sufiBcient concentrated mMc acid to seal the bottom of the thistle 
tube. A vigorous evolution of brown fumes of nitrogen dioxide occurs. 
Show that they dissolve in the water of the trough, and no gas except 
air will collect. jA^ 

When dilute HInOs is used a different gas (nitric oxide) is formed. 
To the flask above add cold water through the thistle tube to equal 
or exceed the original quantity of acid. The brown fumes cease and 
are replaced by a quiet evolution of colorless nitric oxide. (Heat 
gently if the reaction is too slow.) Quickly change the collecting flask 
and show that this colorless gas can be collected by water displace- 
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ment. When the flask is nearly filled, stopper and remove. Pour the 
acid in the generator off the copper to stop the reaction. Unstopper 
the flask of nitric oxide admitting air. Th^ bro\\m fumes indicate 
atmospheric oxidation to nitrogen dioxide. Restopper, and shake; 
the brown fumes disappear by reaction with the water. Unstopper 
again (a slight vacuum will be observed) and repeat the procedure" 
several times. Finally, test the solution for the presence of nitrate and 
hydrogen ions. 




.4.52c 

d. Aqtia Regia. Obtain a 4-inch square piece of gold foil from 
an art supply store. Wet a clean 600-ml. beaker and apply the foil 
to the inside wall. It will cling without difficulty and is easily seen by 
the class. Add 20 ml. of concentrated nitric acid to the beaker and 
tip it carefully to contact the metal. Show that no reaction occurs. 
Add 60 ml. of concentrated hydrochlorip acid to form aqua regia 
and show the metal dissolving. CAUTION: Do not store aqua regia; 
it may explode. Soluble auric acid forms in this reaction (HAUO4) 
but the exact mechanism is open to question. If it is due to formation 
of chlorine, then a gold anode should dissolve during the electrolysis 
of hydrogen chloride but it does not 

e. Test for Proteins. Nitric Acid is used to test for certain types 
of proteins. Place the white portion (albumin) of a hard-boiled egg 
in a 100-ml. beaker. Pour 10 ml. of concentrated nitric acid on the 
albumin. After the albmnin has, turned yellow, rinse and neutralize 
with concentrated ammonium hydroxide. An orange coloyis evidence 
of protein material. Repeat, using other examples of/protein mate- 
rials. Wool is an excellent material to use. X 
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4.53. Test for the Nitrate Ion 

o- For a class demonstration, use a very large test .tube or cylinder. 
Add 20 ml. of ferrous* sulfate solution (approximately 2 gms. to 100 ml. 
of water) to the tube. The FeSO* solution should be freshly prepared 
or poured through a wad of steel wool in a funnel.. The iron metal 
tends to reduce iron (III) to iron ill). Add an equal volume of a 
nitrate solution. Cautiously and slowly pour about 5 ml. of concentrated 
H3SO4 tlfi^Bgh a thistle tube extending to the bottom of the container. 
Hold against a light background to exhibit the "brown ring" which 
Jorms at the junction of the acid and the solutions. 
^ b. Place a few drops of a nitrate solution on a piece of plaster. 
Dissolve a few^ crystals of diphenylamine in 10 ml. of concentrated 
sulfuric acid and pour over the plaster. Blue spots indicate the presence 
of nitrates. This is the basis ol a test to determine whether a person's 
hands have traces of nitrates, indicating recent firing of a gun. 

4.54. Compounds of Nitrogen 

a. Exhibit a table such as given below to illustrate the range of 
valence in nitrogen compounds. The oxidation numbers are assigned 
by the conventional rules. All the bonds are primarily covalcnt in\ 
character. The equiHbtittHi equations suggest that all oxides of nitrogen 
are mixtures of various types, and this is basically true. 



Name « 


Formula 


Nitrogen 
Oxidation 
Number 


State 


Comment 


Ammonia 


NH, 


-3 

y 


G&a 


Easily liquefied. 
In liquid state its 
properties resemble 
water more closely 
than any other 
substance. 


Hydrazine 


HaNNH,^ 


-2 


Liquid 


Used in chemical 
synthesis. Deriva- 
tives used as rocUet 
fuels. 


Hydroxy lamine 


NH,OH 


-1 


SoUd 


Used as a labora- 
tory reducing agent. 


Nitrogen 


N, 


0 


Gas 


Used to provide an 
inert atmosphere 
for certain reac- 
tions: for example, 
the Grignard 
reaction. 
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Nitrous Oxide 
or 

Nitrogen (I) Ojgde 


NsO 


+ 1 


Gas. 


"Laughing gas" ^ 
does not occur 
naturally. B^ause 
its infra-red spec- 
trum is easy to 
detect it is used as 
a leak analyzer for 


Nitric Oxide 
or 

Nitrogen (II) Oxide 


NO 


+2 


Toxic 
gas 


2N0 li + O2 


Nitrogen Trioxide 
or 

Nitrogen (III) Oxide 


NaO, 


+3 


Unstable 


NiOt 5^ NO + NO2 


Nitrogen Dioxide 
or 

Nitrogen (IV) Oxide 


'NO, 


+4 


Toxic 
gas 


2N0a 5=* 2N0 + Oa 

N2O* 2NO3 


Nitrogen Pentoxide 
or 

Nitrogen (V) Oxide 


NaOc 


+6 


Solid, 
unstable 


N,Ot NOa + NOa 


Nitrogen Trioxide 
or 

Nitrogen (VI) Oxide 


NO, 


+6 


Unstable 





6. TEACHER DEMONSTRATION ONLY: CAUTION: The prepara- 
lion of nitrous oxide by gently heating ammoniun^ nitrate is not recom- 
mended since an explosion may occur if heating is too strong, 

c. Nitric oxide can be made from the reaction between copper and 
dilute nitric acid (see activity 4.52c^. Another method: Mix 52 gm. 
of FeSO^-THgO with 25 gm. of NaNOg. Hasten the evolution of nitric 
oxide (NO) by adding a little water. The reaction may be slowed up 
by chilling in ice. 

^ d. Fill a U-tube with nitrogen dioxide made from copper and con- 
' centrated nitric ^id, and stopper both ' ends. At room temperature 
the gas is a light brown color due to a mixture of the colorless dimer, 
N2O4, and the dark-colored monomer, NO2. Place one leg of the U-tube 
in a beaker of hot water, the other end in a beaker of crushed ice. 
The color in each leg wilL indicate the effect of temperature on tl^e 
equilibrium: ^ s. 

NA 2NO2 

At 35°C. the gas is about 30 percent NOz^^e reference 4R-30. 

4.55. Preparation of Ammoma 

o. Mix equal amounts of dry ammonium chloride and dry calcium 
hydroxide to half fill a pyrex test tube. Place the mixture in a pyrcx 
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test tube fitted with a one-hole stopper and a delivery tube pointing up. 
Heat gently. Collect the gas by downward air displacement as shown 
in conventional diagrams. One side of the glass cover plates may be 
coated with vaseline. 

b. Have pupils mix a pinch of difierent ammonium salts and slaked 
lime in the palms of their hands. The heat of the hands is sufl&cient 
to liberate the ammonia which may be detected by its odor. 

c. Concentrated ammonium hydroxide may be heated to produce 
ammonia gas. tJse a calcium chloride drying tube to (Jry the ammonia. 
Moist red litmus paper or tumeric paper may be used to detect the 
presence of ammonia. 



4.56. "Ammonium Hydroxide'' ^ 

The frequently used term "ammonium hydroxide" and the formula, 
NH4OH, do not represent a real molecule. It has been proved that no 
such specif exists in aqueous solutions of ammonia. 

Some substances which are composed of molecules, such as am- 
monia, dissolve in water as hydrated molecules and not as hydrftted 
ions. A water molecule is attached to ammonia by a hydrogen bond 
to form the hydrate:*NH3-*-H0H. 

Under ordinary conditions slight ionization takes place with the 
formation of NH** and OH-^ions (see diagram 4.S6) . Because of 
this slight ionization, in whi^h ammonia acts as a proton acceptor, 
ammonia is classified as a weak base. 



Atomic 



Polar covalenl* 
bond 




Coordinate 
covalent bond 



® 



• o 

® 



o o 



Ammonia 
NH5 



Waher 
H2O 



Plus Hydroxide ion 
-h OH" 



Yields Ammonium ion 
► NH4^ 

4.56 

4.57. Properties and Uses of Ammonia 

a. Conduct ammonia gag through a ^ass tubing to the bottom of a 
tall cylinder filled with water. Point out the decrease in the size of 
the bubbles as they rise. Set up an ammonia fountain as shown in 
diagram 3.19, with phenolphthalein solution added to the water (see 
reference 4R'31)» ' 
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6. Ammonia diffuses rapidly due to its low molecular weight. Fill 
a large balloon with the gas. After . rising initially, the balloon will 
sink due to diffusion through the rubber membrane. 

c. Liquefy ammonia gas by running the gas into a thermos bottle 
filled with Cracked di*y ice in a hood. Pour the liquid ammonia into 
a small beaker and stand a small ^'container of water in it; ice forms. 
Discuss the use of ammonia for refrigeration. CAUTION : Do not form 
liquid ammonia by methods that involve pressure because of the 
danger of explosion. See reference 4R'32, ^ 

d. A major use of liquid (anhydrous) ammonia is direct application 
to farmland. The anuAonia is needled into the soil from tanks. Set 
up two large Hasks filled with ammonia gas. To one add a spoonful 
of good soil and shijc^. Compare the odor in the two Hasks cautiously. 
Ammonia is readily absorbed into soils and other coll^dal materials. 

e. Discuss th^ "umbrella" vibration of the ammonia molecule with 
the aid of a molecular model. For the application of this vibration to 
highly accurate atomic clocks, see reference 4R'33, 

/. Prepare a smoke ring box as shown in the diagram 4.57/. Place 
evaporating dishes of ammonium hydroxide and hydrogen chloride 
inside the box. Allow a minute for the vapors to unite before opera- 
tion. The smoke yrings can be made to trayel the length of the room. 
Discuss the formation of a characteristic "haze" on the outside of 
bottles in the chemistry laboratory. ^ 




g, CAUTION : Do not demonstrate the catalytic oxidtition of am- 
monia with oxygen because, if it fails to operate at first, a dangerously 
explosive mixture accumulates. Instead, place about 30 ml. of con- 
centrated ammonia in a 250-ml. Erlenmeyer flask. Take a 12-inch 
length of j)are copper wire (B and 5 gau^i|A^o. 24) and wind a coil 
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about % inch in diameter at onie end. Attach the other end to a bent 
glass rod as in diagram 4.57g, so that the coil does not touch tl# 
liquid. Heat the coil of wire until red hot and quickly insert the 
oxidized copper into the flask. Due to the exothermic reaction be- 
tween ammonia and oxygen being catalyzed on its surface, will 
heat up, remain hot and sometimes melt. Fits of copper or copper 
oxide that fall into the liquid will react with the nitric acid to form 
"Cu^ and with ammonia to form the blue complex ion [CuCNHa)*]^. 
Allow the reaction to continue for quite some time, then test the liquid 
for the nitrate ion. Discuss the use of liquicj ammonia and "Lox" 
in rocket planes. 

4.58. Test for the Ammonium Ion 

a. To an unknown solid or solution add a concentrated sodium 
hydroxide solution and heat gently. Test the gas evolved%ith moist 
red litmus paper. If the litmus paper turns blue there is evidence 
that the unknown contained the ammonium ion. Ammonia gas is the 
only common gas which will react vnth moist litmus to produce a 
basic reaction. This is the basis of a famous quantitative test for 
nitrogen, the Kjeldahl method (see reference 4R'34) . 

6. Add a few drops of ammonia water to* a solution of copper sul- 
fate. A white precipitate of copper hydroxide will form. Addition of 
more ammonia will cause the precipitate to redissolve, due to the 
formation of the intensely blue complex ion, [Cu(NHa)4];^. 

a 

4.59. Production of Carbon 

a. Show that many common substances are potential sources of car- 
bon. Place table sugar (sucrose) in a dry 400-ml. beaker to a depth 
of one inch. Add about 200 ml. concentrated sulfuric acid. In about 
two minutes a steaming column of black porous carbon rises in the 
beaker. The delay is due to a slow buildup of heat as the acid extracts 
water (formed from-— OH and— H groups on the sugar molecule) 
and combines with it. Damp sugar will react faster because water 
is available for the exothermic reaction with the acid. Concentrated 
solution^ of sugar react with dangerous speed. Partly oxidized sugar 
molecules create the "burnt caramel" odor. 

Submerge the carbon mass in a sink full of water to wash out tBe 
acid and rinse, break into pieces, rerinse and pass to the pupils for 
examination. When dry it can serve as "activated charcoal." Spent 
* carbon G^n be reactivated by covering it with distilled water in a 
beaker and boiling completely dry. 
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fc. Place a coijical pile of magnesium turnings (not powder) 1 inch 
high and 3 inch^ in diameter on a piece of* clean, dry asbestos. Ignite 
at the top with a bunsen burner » Poor circulation of air retards the 
combustion^ blow cautiously at the pile to show this. From a tank or 
eiEcient generator play a stream of dry .carbon dioxide on the pile 
through a piece of^6-mm. glass tubing. CAUTION: The reaction ac^ 
celerates. When the reaction ceases, allow the mass tq cool. Break 
open the pile to show that under the white oxide crust there is a 
considerable deposit of black carbon; 

c. Adjust a bunsen burner to produce a sooty 'carbon flame and 
show ttat soot will collect on cool objects held in the flame. Show 
that it is easier to collect soot from a candle flame, and ask the pupils 
to explain why. The bunsen burner heate the object rapidly. Burning 
camphor, turpentine or naphthalene on a spoon will^ produce a very 
sooty flame. , 

Note: Some natural gas burners supplied when the community con- 
verted to a new gas supply m^y not produce a carbon flame unless 
tnasking tape is placed around the air inlet areas. 

d. Perform destructive distillation of soft vood. Show that com- 
bustible gases, water soluble liquids, insoluble resins and nonvolatile 
carbon will form. See diagram 4.59</. 

e. For destructive distillation of coal see diagram 4.59c. A. piece 
of moist lead acetate test paper stuek.to the inside wall of the ifirst 
bottle^will detect H2S. Perform the litmus test shortly after heating 
has begun, NHa and H2S pass off quickly. 

Note: Do not attempt this as a large-scale project. A considerable 
portion of the nitrogen in coal is liberated as the deadly gas, hydrogen 
cyanide. 



Larqe 
(300 



Larqe bom 
hubinq 




keep hoh 

wihh 
bunsen Flamed 

Iqnik jeh ^ 
la 



Tesh'wihh litmus 
For N Hs, 
Iqnil-e CH4 

V 



at« n 

7-m 



SpuNTSf Shavwgs or Sawdust 



4.59 



Quicklime or sodalirne ' 
Sqft Coal 
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4.60. Properties of Carbon 

a. Solubility. Show the insolubility of ci^bon by shaking lumps 
of charQoal in test tubes containing water, CCU, an acid and a base. 
Molten iron is, in a general sense, a solvent for carbon. 

b. Adsorption. Fill a dry flask with ammonia and test with litmus. 
Add a spoonful of boneblack, stopper and shake flask for a few seconds. 
This mixture gives negative test with litmus. Mention its use as a 
deodorant in animal feeds. Review activity 3.55. 

c. Reducing. Mix equal quantities of powdered charcoal and the 
"wire form** of cupric oxide in a pyrex test tube. With a one-hole 
stopper and delivery tube conduct the gas into a test tube containing 
limewater. Heat the solids strongly. The limewater turns milky. Have 
pupils write the equation. Remove the delivery rube from the lime- 
^vater before heating is stopped. Pour the reaction mixture ii^to a 
beaker of water and examine for the presence of copper. 

Point oi^t that, iji the reduction o! iron oxide and in some other 
' reactions, the carb^ is first converted- to carbon monoxide which is 
the actual reducing agent. 

4.61. Preparation of Cmbon Monoxide 

TEACHER DEMONSTRATION ONLY: Diagraip 4.61 illustrates 
the preparation and the reducing ability of carbon monoxide. The 
equation for this reaction is: 

H,S04 + HCOOH ^ CO + H2SO4 • H2O 



Formic 
acid- 



.Shopcock or pinchcock 
(do nol- omih; 



Excess CO 




H2O 
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The excess CO should be burned after removing the collecting 
bottle from the trough. CAUTION: When tching the appa*ratm apart, 
burn the CO remaining in each section of the apparatus. 

Note: Sulfuric acid v/ill ^o release carhon monoxide from oxalic 
acid and ferrocyanide salts. 

4.62. Carbon Monoxide Poisoning 

Pupils should receive practical information regarding the toxicity 
of carbon monoxide. i 

• Carbon monoxide is colorl^, odorless gas. The odor of auto- 
mobile exhaust fumes is due to some hydrocarbons that have 
been only partially oxidized. 

• Automobile exhaust gas^ may contain 1 to 5 percent CO and 
this much is deadly. A concentration of one percent CO in air 
causes death in a few minute,. 1/10 of 1 percent causes death 
in an hour or so. Lawnmowers, outboard motors and gasoline 
generators present a hazard when operated indoors. 

• The first symptom of CO poisoning is often a headache, due to ^ 
' a poor oxygen supply to the brain (ano^da) ; the second symptom 

is fainting. Chronic CO poisoning due to low levels of the gas 
is evidenced by minor headaches and latitude. 

• Carbon monoxide forms a compound with hemoglobin in a similar 
manner to oxygen: 

Hemoglobin -|- Oa ox^hemoglpbm 

(red) 

Hemoglobin -|- CO carboxyhemoglobin 

(brilliant red) 

The second reaction does not reverse readily, and the concen-^^ 
tration'of carboxyhemoglobin increases, tying up more and more 

• hemoglobin. If a dose of CO is nonfatal, the body gradually 
restores the hemoglobin levels, 

• The aerodynamic design of the rear end of automobiles and trucks 
may allow exhaust gases to enter the vehicle The tailpipe shouia 
be directed into the air stream to avoid this. Driving- an auto- 
mobile with the trunk pardy open can have the same effect. 

• Incorrectly built or cracked chimneys have caused GO poisoning. 
Chimneys should rest on independent foundations to avoid dam- 
age as the building itself settles. In most localities it is against 
the law to use the chimney as any sort of support for the building. 

• Carbon monoxide has the same density as nitrogen. It diffuses 
in air more rapidly than does-carbon dioxide. - . 
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4.63. Preparations of Carbon Dioxide 

a. Pupils should prepare this gas by the usual laboratory method of 
adding dilute hydrochloric acid to marble chips. The gas may be col- 
lected by displacement of water due to its low solubility at room tem- 
perature and pressure. Demonstrate the operation of a Kipp generator. 

6. Dry ice is sometimes a convenient source of carbon dioxide. Dry 
ice may be available from warehouses and'^stores that specialize In 
frozen foods. A simple wooden box liped on all sides with an efficient^ 
insulator such as vermiculite will preserve dry ice for days, ^o not 
make the lid tight because' the gas should be allowed to escape. CAU- 
TION: Use tongs or gloves when handling it. 

Drop a piece of dry ice into a beaker of water containing brom 
thymol blue, or test the water with litmus paper. 

c. Gently heat dry sodium bicarbonate in a test tube and conduct 
'the gas through limewater. The toting of various carbonates and 

bicarbonates is an excellent ptipil project. Note: Some carbonates do 
not de^^pose at temperature| available in the laboratory, especially 
if dryand pure. 

d. An interesting pupil project is the determination of the CO2 
content of various baking powders. Weigh 3 gm. of each type of 

r bdcing powder. Wrap each sample of powder in fine tissue paper and 

insert under separate cylinders of water inverted in a water trough 
containing a saturated solution of NaQ. Carbon dioxide is less soluble 
in salt water. The volume of the water displaced by the liberated CO2 
in each cylinder is a measure of the carbon dioxide producing ability 
of the baking powder tested. 

4.64. Properties of Carbon Dioxide ^ 

a. Set a burning candle about 4 inches high in a large beak.er 
somewhat higher. Fill a similar large beaker from the C0<, tank -by 
upward displacement of air. Carry the "empty" beaker to the candjex 
and pour it slowly down the inside of the beaker so that the candle 
bums until the CO2 rises ind "drowns" it. 

6. Use the overhead projector to demonstrate the formation of cal- 
cimn carbonate and calcium bicarbonate. Drop a piece of dry ice 
into a cylinder of limewater. A precipitate forms, then dissolves <.,^ue 
°to formation of soluble calcium bicarbonate. ^ Other sources of CO2 
such as the bottled gas may be used. 

4.65* Carl(on Dioxide Cycle 

The carbon dioxide cycle provijdes an opportunity to organize the 
relationships among many chemical reactions (see diagram 4.65). / 
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THE CO2-ENERQY CYCL-e 
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• 4.65 

4.66. ^Carbonates and Bicarbonates 

a. To test for the presence of the carbonate or bicarbonate ion, add 
a small amount of dilute hydrochloric acid to the compound to be 
tested. Pour or otherwise direct the gas into a test tube of \TeMy 
prepared limewater. Note the color change. Filtered lii;newater may 
be protected from atmospheric carbon dioxide as shown in diagram 
4.66a. • • 

6. For a convenient semiAicro vessel that can be used to test minerals 
or placed over the mouth ofc a test tube to test solutions, see diagram 
4.666. / 

c. Prepare test tubes containing dilute solutions of Cu+*, Ni**, Co**, 
Sr^, Ba**, K* and Na*. Add a few drops of aqueous sodium carbonate 
solution to each. Insoluble carbonates form in five cases indicating that 
soditmi and potassium carbonates are exceptional in their solubility. 
See the table of solubilities on page 336. 

To illustrate the conversion of bicarbonates to carbonates prepafe 
a dilute solution of NaHCOi and divide into two equal portions. To 
one portion add an equal volume of distilled water. Boil this solution 
until it has been reduced to the original volume. . Carbon -dioxide is 
escaping during the boiling process. Add dilute H^SO* to both solu- 
tions; measure the amount of carbon dioxide evolved by collecting 
it over a saturated solution of Nad. The unboiled portion contains 
twice as much gas. Explain by use of equations. 
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4.67. Silicon 

«. Ptoparation of Silicon. TEACHER DEMONSTRATION 
ONLY: A small sample of the free element may be prepared as fol- 
lows. Mix thorougWy 1 gm. of magnesium powder with 2 gm. of the 
purest silica Available in dry powdered fonn (pow.dcred quartz is 
good) Place the mixture in a test tube small enough so that it is 
nearly filled, and tap gently on the table to consolidate the material. 
Hold the tube with tongs and heat the mixture near the top. As the 
reaction proceeds and the mixture glows, follow the glow with the 
flame to the bottom of the tube. When cool, transfer the produj^t in 
smaU portions into 20 ml. of 1:1 hydrochloric acid. The acid will 
dissolve the magnesium oxi^e, and any magnesium silicide (Mg=S>i) 
that foms as a byproduct will decompose into a mixture of silicon 
hydrids. As bubbles of silicon hydrides emerge, a few harmless ex- 
plosions occur as they ignite on contact with air: 
SiH* + 20, SiOs + 2HsO 
' Heat the acid just to boiling and remove the beaker from the source 
of heat. When effervescence ceases, separate the fine crystals 6i sUicon 
by filtration. Press the siliron powder between filter papers to dry 
it partiaUy, and exhibit to the class. Save the material for use in 

activity 4.70. . . 

b. Uses of Silicon and Its Compounds. Silicon makes up about 
28 percent of the earth's crust and is the second most abundant ele- 
ment. Research in the chemistry of silicon is a frontier area. Modem 
technology has found some interesting uses for this abundant^ element 
and its compounds. 
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• Crystals of sUicon are being used to make transistors and solar 
batteries. 

^ • Vycor glassware (96 percent silica) can withstand extreme changes 
in temperature without breaking. This glassware is much cheaper 
than pure quartz glassware. 

• Silicones, polymers in which the "backbone" is a chain of alter- 
nating silicon and oxygen atoms, are used to make silicqne rubber, 
resins, oils and v/ater repellants. 

4.68. SiKcic Acid Gels 

Silicic acid gels are colloids which provide a medium in which 
rejactions can occur. 

a. Preparing the Gel. Dilute sodium silicate solution (water glass) 
to a specific gravity of 1.06, and dilute acetic acid to a concentration, 
of 1 Normal (about 6 percent). See activity 3.29 for directions on 
making normal solutions. Mix the . acid and wirfer glass, and let the 
mixture set. Since the ratio of acid to watei^ glass determines the 
setting time of the gel, the pupil should determine the ratio with 
which he can work most conveniently. 

Compare the setting time of gels containing different amounts of 
acid. Vary the amount of acid by increasing the acid volume 1 ml. 
for each gel made. Decrease the amount of water glass by a corres- 
ponding amount so that the total volume of gel remains constant. 
Setting times vary from a few seconds to several hours. Graph the 
results. Note that a linear relationship is not involved. 

b. Making Gels by Using Other Acids. Use equal volumes of dif- 
ferent acids of the same nonnality to prepare the silicic acid gels. 
Compare the settmg times of the gels. 

C. Lead Iodide Crystals. In the acetic acid to be used to make 
th^ gel in activity 4.68c, dissolve enough soHd lead acetate to give 
a concentration of about J.5 gm. per ml. of gel. Pour the "water glass" 
into the leiad acetate-acid ijiixture, stir, and pour the mixture into a 
taU glass cyHnder. Let the* gel set. Cover the gel to a depth of several 
centimeters with 2 normal pptassium ibdide solution (about 33 per- 
cent). Stopper the cylinder, and let it set for several days. 

d. Lead Tree. Prepare the gel as in activity 4.68c above. Into 
the surface of the gel place a small piece of zinc. Stopper the cylinder ' 
to prevent evaporation frpm the gel. A lead tree will -be formed in 
a week or two. > 
' e. Rhythmic Precipitation. Dissolve enough potassium dichromate 
in the acetic acid so there will be 1 gm. of the sah per 100 ml of 
gel. Pour the acid into the water glass, ^stir, and let the ^set. Then 
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cover the gel with 0.5 nqrmal copper ^11) sulfate to a depth of several 
centimeters. Stopper the container, and let it set for several days. A 
series of colored rings, Liesegang Rings, will be fonnedU 

Vary the concentration of the chromate and copper sulfate. Study 
the differences in the bands and rate of formation. 

Variations in banding experiments are reported in most colloidal 
chemistry texts and manuals. 

4.69. Silicate Gardens 

An interesting application of colloid chemistry can be demonstrated. 
In a 1,000-ml. beaker stir 100 ml. of a commercial "water glass" 
solution and 400 ml. of water. Add enough clean sand to form a iHin 
layer covering the bottom. Drop in one crystal each of soluble salts 
of the following metals Qu, Co, Pb, Fe, Ni, Mn and Ca. Within a 
few minutes a "chemisfs garden" begins to grow, forming beautifully 
' colored silicates. Let it stand quietly overnight. To preserve the garden, 
gently siphon off the silicate solution and replace with clear water. 
\ All the above compounds hydrolyze in water. Copper sulfate hy- 
drolyzes according to the following reaction: 

CuSO* + 2Hfi -> Cu(OH)2 + H2SO4 
The sulfuric acid formed in this hydrolysis reacts with the sodium 
silicate (water glass) as follows: 

H2SO, + NasSiOa -> Na^SO^ + H^SiOg 
The positively charged, colloidal Cu(0H)2 causes the negatively 
charged sHicic acid to coagulate as a film of silicic acid gel. Some 
water froin th6 "water glass" mixture seeps through the film of siUcic 
acid gel and comes in contact with the copper sulfate, where hydrolysis ' 
is resumed again, and more copper hydroxide and sulfuric acid are 
formed. The products of hydrolysis, H2SO4 and Cu(0H)2, then diffuse 
outwardly through the film of silicic acid gel and come in contact 
" " with the sodium silicate again to form more silicic acid gel. The 
process continues in this manner and thus gives rise to a phenomenon 
which appears similar to plant growth. The green color of the filament 
is due to cupric compounds which are formed during the process. 

' 4.70. Reaction of Silicon with Steam 

Place a plug of wet asbestos wool rtfwjhe bottom of a large pyrex 
test tube. Carefully add a small quantiW of the' element silicon (from 
activity 4.67a) to the test tube while keeping the tube in an almost - 
horizontal position. Set up ^he apparatusj as shown in "diagram 4.70. 
When heat is applied, the following reaction takes place: 
Si + 2HiO SiOa + 2H2 
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A proper support must be provided for the test tube. Collect the gas 
produced in a tes^'tube over water. 

CAUTION: Remove end of deli very tube from water before removing 
soitrca of heat. Test for hydrogen. 




Hydrogen 



m\- W^Silicon 
asbeshosl)||\ 

wool III Small hoi" Flame 
4J0 




Cpllcch in 
over wa't'er 



4.71. Actionof Hydrofluoric Acid on I 
Silicon Dioxide \ 

TEACHER DEMONSTRATION ONLY-y^ace 4 gm. of calcium 
fluoride and a small amount of sand in a 500-mL Florence flask. Use 
aij old flask since hydrofluoric acid and hydrogen fluoride gas will 
attack glass. Arrange the apparatus as shown in diagram 4.71. CAU- 
TION: Use the hood. Great care must be taken during the demonstra- 
tion and afterward, when cleaning the equipment\ not to inliale hydro- 
gen fluoride gas because it is very poisonous. Do not let the hydro- 
fluoric acid come in contact with the skin since jjery serious and painful 
sores may result. 

Add sufl&cient concenti^ated HsSO^ (2 parts commercial acid to 1 
part water) to seal off the bottom of the thistle tube. Heat gently if 
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the reaction doesn't proceed rapidly enough. The sand wiU graduaDy 
disappear due to the following reactions: 

CaF, + H.SO4 CaSO* + 2HF 
SiO. + 4HF SiF* + 2H.O^ 
Note: At ordinary temperatures hydrogen fluoride gas may be com- 
posed of approximately equal amounts of HaFc and HbFj molecules. 
However, at higher temperatures the molecules of the gas have the 
formula HF. 

The mercury trap is necessary to prevent water from entering the 
ddivery tube and flask since SiF« is very soluble in water. . 

4.72. Silicones 

In the decade foUowing' 1920 considerable progress wa^ made in 
the preparation of large organic polymers by combining smaU mole- 
ci;rles of carbon compounds into molecules having long chains. In the 
' next decade, similar methods were applied in the preparation of large 
polymers from compounds ot silicon. These polymers, known as "sili- 
cones" have many extraordinary properties. 

The name ."silicone" comes from a hypothetical analogy of its 
structure to that of a ketone such as acetone. Although a siUcone does 
not have this simple a structure, this analogy \t illustrated below: 



\ 



c = o 



/ 

CH3 

ACETONE 



/ 

"SILICON^" 



The ' following equations represent a simplified example of the 
preparation of a silicone when etl^rjsjjsed as a catalyst: 

2CH,a + SiCL. + 2Mg Si(CHs).a2 + ZMgCI, 
This unstable^ intermediate condenses intermoleoularly to produce 




CH, 



OH 



OH 



+ 2 HCl. 
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If several ^units' of th&- intermediary substance (dimethylsilanediol) 
react, the .0-Si»0» chain is increased thusly: 



CH5 OH 
\ / 

Si 
/ \ 



OH 



I 



► — 0 ~Si— 6 — Si— 0 h 

I . I ^ 

J ' Water 

CH3 CH5 

Th© structure of a typical silicone which may resuU ie represented 
diagrammatically as: 




Many variations of the above reaction are used to regulate the length 
of ^^felin; crosslinking of chains and nature of the organic .groups 
attached aj^pngr, the chain. The number of possible types is unlimited. 
Continuing research in silicone chemistxy represents a frontier in 
chemistry (see reference 4R'35). 
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Ionization, Acids, Bases and Salts 

■ >■ ■■ 

5.01. Theory of Ionization . * 

The topic of iertiization ,may be intr^ftluced in a variety of waysj 
but one effective approach is from the standpoint of experimental 
evidences to support or at least suggest the need for a theorf'of lonizor 
lion. Such 'experimental observations can be groupbd to include a. 
number of separate areas. 

a 'Electrical Evidence (Conductivity). Compounds whose water 
solutions conduct a current of electricity are called electrolytes. The 
passage of current is due to the presence of ions in the- solution. In- 
the case of an electrovalent compound, ions are already present m 
the .substance and the placing of the substance in water merely pro- _ 
vid'es an oppe#tunity for the particles to dissociate and move about ^ 
freely. Familiar salts such as sodium chloride, potassium , nitrate and 
calcium chloride are examples of electrolytes that are electrovalent. 

If the solute is a covalent compound, then the ions form as a result 
of the reaction between the solute and water as solution occurs.' Hydro- 
chloric acid, nitrfc acid and acetic acid are examples of covalent 
compounds which become electrolytes as a result of th^h molecules 
reacting with water. The extent to which, such reaction, occurs deter- 
mines the conductivity of. the electrolyfe and the relative^ "strength" , 
of the' acid. - 

H2O + HCl H3O + CI 
Equilibrium to the right (strong acid) 
H,0 + HC2H3O2 H,0- + C3H3O. 
Equilibrium to the left (weak acid) 

1,. Abnormal Colligative Properties of Solutions. The unusual 
behavior of various solutions with respect to changes in such physical 
properties as boiling point, freezing point, vapor pressure and osmotic 

, . pressure is generally regarded a?^vidence in %up>ort for the the&ry. 
.of electrolytic dissociation. While Henry Cavendish was one -of the 

* - first experimenters in thia field, particularly in working with freezmg 
pcii«t depressions, it remaine4 for F. M. Raouh to note the pattern 
•of behavior of various ionic substances whos0<s9lutions, provided ex; 
ception to the law^ which predict change in' cOlligative prSpfcsties. 

' V " • ' a ■ ' ' ' [191] \ ■. • 
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c«. Rapid Reaction Rates. It is readily observable that reactions 
between electrolytes in solution occur virtually instantaneously. 

Add 10 ml. of silver nitrate solution to 10 ml of sodium chloride 
solution and observe how quickly a chemical change takes place. 

There are many situations in which electrolytic substances will not 
react together at all when pure, but react immediately when* placed 
in solution ybaking powder is an example. Such reactions are in sharp 
contrast to reactions of solutions of non electrolytes which may take 
hours for substantial reaction to occur. Organic preparations, which 
for the most part involve nonionic substances, are characterized by 
such slo^v reactivity. 

d. Properties Characteristic of Tart of the Compound. Many 
ions manifest their presence in solution by certain characteristics 
which they impart to the solution. The color of the hydrated copper 
ion Cu(H20)4"^, the sotir taste of the hydroniiun ion (H3O:*") and the 
slippery feel of the hydroxide ion (OH'") are examples of such rec- 
ognizable characteristics. 

5.02. Conductivity of Solptions 

The electrolytic property of solutions can be readily observed with 
a conductivity apparatus of either commercial or teacher-made origin. 

0. A simple and yet effective demonstration apparatus consists of a 
porcelain or pla3tic 120-volt lamp socket connected in series with copper 
wire electrodes (5-S. gauge 16 or heavier "is most satisfactory). If a 
variety of lamps is kept, available for use in the apparatus, the observa- 
tions can become more quantitati'^ 

Diagram 5.02c shows the appf^^us mounted^on a ringstand and 
ready for demopstration use. If an adjustable support is used to hold 
the beaker containing the liquid to be tested, the depth of electrode 
immersion can be readily adjusted and controlled. 

This type of apparatus can be used to test the conductivity of a great 
variety of substances. The use of a 25-watt lamp is rebommended'-for 
most qualitative tests. Prepare solutions of various concentrations and 
similarly test. It 'is 'suggested that distilled water and 6M solutions^ of ' 
glycerol, ethanol, acetic acid, hydrochloric acid, sulfuric acid, nitric 
acid, sodium hydroxide, pota^ium hydroxide and ammonium hydroxide 
be prepared and tested. Also test solutions of lower concentration, such 
as O.IM, for solutions of acetic acid, hydrochloric acid, sodium hydro* 
xide, ammonium hydroxide and sodium cWoride. A great variety of 
substances and concentrations can' be tested, but those indicated can 
give an adequate sampling for conclusions regarding types of com- 
pounds as well as concentrations and their effect on conductivity. If 
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the solutions are prepared in quantity, they can be bottled and stored 
for future use. 

CAUTION: Because of the considerable shock hazard involved when 
operated from a 120'Volt source^ it is strongly recommended that the 
teacher demonstrate the various procedures involving the use of this 
apparatus. In the event a single pole switch is used, there is still the 
possibility of great shock hazard when the switch is in the off position. 
Teachers using the apparatus should disconnect the apparatus from the 
voltage source before touching the electrodes. The electrodes should 
be cleaned between each test by immersing them in a beaker of distilled 
^water and wiping them dry with andean paper towel. 

b, A more sensitive apparatus which gives a higher degree of quanti- 
tative results may be permanently constructed. Prepare a bank of light 
sockets wired in parallel but with switches connected so that any onft* 
socket may be placfed in or cut out of the circuit (see diagra«i S.02b). 
Place in the sockets: an argon "glow" bulb, a neon "glow" bulb, a* 
7%-watt incandesc^^l^lamp, a 10-watt incandescent lamp and a 25-watt 
incandescent lamp. Place the apparatus in series with the electrodes 
in some manner such as shown in diagr£ftn 5.026. The argon "glow" 
requires so litde current that it will show the conductivity of glycerine, 
absolute ethanol, water and other very weak electrolytes, and will even 
discriminate between them by lighting to different degrees of intensity. 
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The neon "^w" requires more current, hence will identify <some« 
what stronger electrolytes. 

The incandescent lamps cgin be used to differentiate the usual solu* 
tions and can be used in electrometric titrations. They will be ex« 
tinguished one after another and then relight as the end point is 
reached and passed. 

5;03. Eflfect of Solvent on Conductivity . * , 

a. Prepare a saturated solution of hydrogen chloride gas in toluene 
(or benzene) by mixing equal quas^ties (50 ml. of each) of con* 
centrated hydrochloric acid and toluene in a separatory funnel. Shake 
the two liquids together thoroughly, allow them to separate and then 
obtain the desired hydrogen chloride-toluene solution. Using ^ 25.watt 
lamp, test the conductivity of this solution by placing it in a 250-ml. 
beaker and immersing the conductivity apparatus electpodes into the 
Solution. Comparison of the result observed with that obtained using 
O.IM hydrochloric acid solution indicates that wot only the solute but 
also the solvent may be a factor in detcrminin^conductivity, 

b. The dipole nature of water in contrast with most covalent organic 
solvents can be illustr/^ted. Add 50 ml. of distilled water to the beaker 
containing the HCl-toluene solution. Stir, and again test for conductivity, 
making certain that the olectrodes extend into the water layer. 

5.04. Effect of Ion Removal on Ce*iiductivity 

- a. Place 50 ml. of O.lN barium h/^roxide solution in a 25P-ml. 
beaker and arrange in position on the conductivity apparatus as de* 
scribed in activity 5.02a. While the current remains on, add slowly, 
and with ' constant stirring, O.lN sulfuric acid solution. Add sulfuric 
acid until the lamp ceases to ^low and note the appearance of the 
solution. The removal of ion? by precipitation and water formation 
accounts for the observed result. 

6. Place 50 ml. of O.lN copper sulfate* in a 250-ml. beaker and test 
this solution" for conductivity. Slowly bubble hydrogen sulfide gas^rom 
an HaS generator into the copper sulfate solution. Observe both the 
appearance of the solution and the behavior of the lamp. In this case 
while tHe reaction does' remove cupric ions as insoluble cupric sulfide, 
the accoftipanying increase in hydronium ion concentration results in 
little or no chginge in the apparent conductivity of the solution. 

5.05. Molten $alts as Conductors 

a. TEACHER DEMONSTRATION ONLY: Half fill a No. 0 por- 
celain crucible w/th potassium chlorate. Use the conductivity apparatus 
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(see activity 5.02) to determine the conductivity of the solid salt. 
Place the crucible on the ringstand, Vupporting it with a triangle or 
ring of suitable size* CAUTION: Be su\e that chemicals of high purity 
and clean electrodes are used to avoid da explosion. Carefully melt the 
potassium chlorate with a bunsen burner, and when it has melted 
immerse the electrodes of the conductivity apparatus into the molten 
salt. Evidence of dissociation is provided by the behavior of the fused 
salt as an electrolyte. Other salts, such as potassium nitrate and potas- 
sium thiocyanate, which also have relatively low melting points, can 
be used with equally good results. - . 

b. An interesting demonstration can be pefformed using soft glass 
tubing of about 6*mm. dianieter as the solid "saltJ' Place the.electrddcs 
bf the conductivity apparatus about 4 cm. apart and use a 25-watt 
lamp. Place the soft glass tubing* across the electrodes to show that the 
cold glass is a nonconductor. Heat a section of the tubing stroilgly in 
a bunsen flame until it becomes quite pliable. Quickly place the softened 
glass across the electrodes and observe the improved Conductivity, 
vidence of ionic mov^ent in the "liquefied" glass is thus demon- 
ated. Best results will be obtained by arranging the apparatus so 
thars^e bunsen burner jsontinues to_hpat the ^lass while it is in contact 
with t^e electrodes. The lamp will then bum continuously until the 
burner is removed. 



5*06. Ih^ease in Ion Concentratfon (Law of 
Mas^Action) 

Test the condii^Qtiyit^ of solutions of O.IN ammonium hydroxide and* 
0.1N' acetic acid. T^ese solutieife will be found to be poor eledtrolytes * 
because each has a relatively low degree of ionization. 

After demonstrating^^e poor conductivity of separate solutions of 
ammonium hydroxide ai^ acetic acid, place 50 ml. of each solution 
in a 250-ml. beaker, mix thoroughly and again test for conductivity:' 
The higher concentration of ammonium and acetate ions as evidenced 
by the increased conductivity of the solution is an application of the 
Law of Mass Action. See also activity 9.08. 

5.07. Golligative Evidence 

a. Prepare solutions of cane sugar, table ^alt, calcium chloride and 
aluminum sulfate ofc approximately 0.5 molak concentrations. Appro- 
priate quantities would be as follows: ^ ^ ' 
17.1 gm. of sucrose per 100 gm. (or ml.) of watW 
5.5 gm. of calcilim chloride (anhydro^) per 100 gn^. (or ml.) of water 
2.9 gm. of sodium chloride per 100 gifc. (or ml.) of water 
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17.1 gm. of Aluminum sulfate (anhydrous) per 100 gm. (or ml.) of 
water 

Care must be taken if hydrated salts are used to give proper considera- 
tion to the change in calculated quantities required to produce solutions 
df 0.5 molal concentration. In the tase of the aluminum sulfate, for 
exainple, if this is used as the typical crystal containing 18 water mole- 
cules for each aluminum sulfate *WlecuW' then a 0.5 molal solution 
would be obtained by dissolving 33.3^gt^ of the hydrate in. 83.8 gm* 
(or ml.) of water. , 

The fre)ezing points of these solutions can be obtained with reasonable 
accuracy b^^lacing 25 ml. of the solution in a test tube and cooling 
^he mixture in a beaker of crushed ice mixed with rock salt. Stir the 
solution constantly and take thennometep- readings in the solution until 
the solution is about half solidified. These soltitions sh<Juld differ suf- 
ficiently in freezing points so that the ordinaty labbr'atory-riierthomcter 
will readily detect significant differences. The difference between the 
sucrose and the aluminum sulfate is especially impressive, since the 
weights required to prepare 0.5 molal solutit)ns are coincidentally 
identical. 

b, A similar comparison can be made in the boiling points of the 
four solutions, although in this case the differences are significantly 
less because of the fact that the molal elevation of the boiling point of 
water is 0.52°C. whereas the molal depression of the freezing point 
is 1.86°C. When the procedure involving boiling point elevation is 
used, it is necessary first to determine the^ boiling point of pure water 
at the location involved. It is also desirable to prepare 1 molal solu- 
tions instead of the 0.5 molal solutions used for freezing point determin- 
ation, since the more concentrated solutions will give a proportionally 
greater change in boiling point. ^ 

5.08. Characteristic Appearance of Ions - 

Early in the; discussion on ionization, either coincidental with or 
subsequent to the coifaparison of atomic and ionic structure, it is well 
to demonstrate the difference in^ the appearances of masses of atoms 
and ions of the same specif, and also the fact that certain ions can 
be readily identified by theit(characteristic appearance or behavior. 
Such a demonstration and expiration, may help considerably in es- 
tablfthing the identity of ions as\inique chemical units. 

a. Display samples of sodium chloride, m^allic sodium and chlorine 
gas. Discuss the considerable change in prbperties of both the sodium 
and chlorine when they unite and as^umife ^n ionic structHr^. 
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b. Show samples of anhydrous/fonns of cupric sulfate, cUpric bromide 
and cupric chloride. Add water^ to a ^mall quantity of each salt, in 
separate large test tubes or beakers and observe the characteristic blue 
Cu(H20)4-^ ion appearance from the salte^hich are quite dissiipilar ^ 
in appearance. Contrast the characteristic appearance of , the cupric 
ion with the appearance of a sample of pure copper metal. 

c. To any one of the solutions of Cu"^ ions previously prepared, 
add suffi6ienr ammonium hydroxide to obtain the copper-ammonia 
complex ion whose color is also characteristic of the specific ion species, 

d. Other ions with ^characteristic colors can be demonstrated in splu- 
fion. It is especially efiective in preparing such solutions to start with 
anhydrous forms of the appropriate salts whenever possible. These could 
include such compounds as CoQa, NagCrO*, KMnO*, FeQs and 
Ni(N0ij)2. Pupils m&y be challenged to determine whioh portion of 
the compound is responsible for the color obtained. Obserye various 
compounds in solutions to aid in drawing valid' conclusions in mis 
respect. For example, if the solution of sodium chromate is compal^d 
with solutions of sodium chloride and potassium chromate, the characjr 
teristic color of the chromate ion may be inferred. 

5.09. Rapid Reactions Involving Ions 

a. Observe the appearance 'of the dry salts of mercuric bromide and 
potassium iodide. Place approximately 1 gm. of each salt in a mortar 
and pestle and grind the mixture thoroughly. The orange color of 
mercuric iodide vrill form very slowly as a result of the metathesis 
reaction. If dilute solutions of the two salts axe mixed in a large test 
tube or in a beaker, an instantaneous reaction occurs forming the figia 
as an orange precipitate. Some experimentation may be necessary in 
adjusting quantities and concentrations in this reaction, since it, is 
possible to form a Colorless and soluble complex ion, 

6. Place small pieces of magnesium ribbon simultaneously into 
separate test tubes containing IM hydrochloric acid and a HCl gas- 
toluene solution as prepared in activity 5.03. Thfe rate at which hydro- 
^ gen gas is evolved is suggestive 'of/the presence of the ionic medium. 

c. Compare also the rates of reaction of IN hydrochloric acid and 
' IN acetic acid on f)ieces of magnesium, mossy zinc and calcium car- 
bonate (marble chips). These observations should substantiate coii- 
clusions drawn from the conductivity experiments involving the same^ 
solutions. ^ ^ ^ 

d. Dissolve a few crystals of sodium chbride in a test tube. half full 
of watcf. Add a drop of silver nitrate solution and note the time re- 
quired for reaction. Add* several additional drops of AgNOa; note the 
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speed of reaction. Contrast tJiis rapidity of reaction with a typical 
organic reaction, such as the esterification of ethyl acetate from ethyl 
alcohol and acetic tfcid. Note: Time required for significant • yield is 
30 to 60 minutes. 

fj 

S.IO. Acids and Their General Properties 

Acids are substances which supply the positive hydrogen ion (H"^). 
Since the hydrogen ion is a hydrogen atom nucleus and tlierefore simply 
a proton, acids may be defined as proton donors. This is the ^ore 
geneMl definition of an acid as proposed independently the Ehglish 
chemist, T. M. Lowry, and the Danish chemist, J. N. Bronsteid, Ac- 
cording to this so-called proton theory not only molecules but also 
ionic particles may be regarded as acids. In water splutions the protqn 
is attached to a water molecule forming the hydrated hydrogen ion 
(HsO*) called the hydronium ion. / 

a. Display samples of various acids such as sulfuric, /Hydrochloric, 
> nitric, acetic, boric, oxalic, citric and tartaric acids. 

b. React acid solutions of 6N concentration with metals such hs 
magnesium, zinc and iron. Observe 'the distinction between strong and 
weak adids. Relate this to the degree of ionization. 

c. Extremely dilute solutions (a few drops or crystals of acid in 
20 to 30 ml. of water) can be prepared^ and safely tasted. The sen- 
sation of taste ^11 be related to the degree of ionization, just as are 
other acidic properties. While some of the acids have already been 
tested as to electrical conductivity, this test can be repeated with a 
greater variety, of acids to substantiate previous conclusions regarding 
acid "strength." In this connection it is of interest to "note that a 
0.0042N solution of hydrochloric acid would provide the same hy- 

* dronium ion concentration as a IN solution of acetic acid. These $olu- 
tions are essentially • identical in taste, conductivity and other acidic 
characteristics. 

0 

5*1,1. Bases and Their General Properties ^ 

^hile bases m^y be defined in terms of the hydroxy] ion in aqueous 
solution, the Bronsted-Dowry theory defines a base as a. proton acceptor. 
According to this theory the OH" ion is only one of many bases. The 
anions of all acids are classified as bases ^ince they can react with 
the proton^ form an acid molecule: 

The theory further states that, when water combines with the proton 
to form the hydronium ion, the water, in acting as a proton -acceptor, 
is a base. 
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a. Use extremely dilute solutions of such bases as sodium hydroxide, 
* potassium hydroxide, calcium hydroxide and ammonium hydroxide to 
detect the characteristic bitter taste associated with bases. Concentrate 
the solutions only enough to obtain^ a perceptible taste sensation. Note: 
The difference between the sensations of sourness and bitterness cannot/ 
be readily described,v and it is therefore desirable that pupils experi- 
ence this distinction. 

h. If the solutions of the various bases are of sufficient concentration 
to provide a taste sensation, then they should also be sufficiently con- 
centrated to give the "slippery feel" which is associated With water 
sohitipns containing the 0H~ ion. 



' 5.12. Action of Acids and Bases with Indicators 

Most acid-base indicators are weak organic acids and bases which 
undergQ color changes when they are converted from their original 
essentially undissociated states to completely dissociated salts. The 
changes in ' color result from rearrangements in molecular structure 
which produce fundamental differences in electronic arrangement. Not ^ 
only does each indicator havcv-a typical color change, tut such changes 
occur at certain d^nite ranges on the pH scale (see table below). 

a. Place a few d^ops of each of the acidic and basic solutions in 
activities 5.10 and fell on strips of both red and blue litmus. Ask 
pupils .to describe re^^lts. v v '^ 

6. Sho\v4;the effect of aevetal of the acids and bases on othelf indi- 
cators =sueh^ as methyl orange, phenolphthalein and congo red. Thi^ is 
especially ^effective as k. demonstration. Add a few drops of the varioii^ 
•indicators to th^se solutions *of acids and bases arranged in a test tube\ 
rack. < 
^^<[^ Hor^emade indicators may be prepared from a variety of sub- 

st^ces originating in nature. The effect of acidic and basic solutions 

I on (sucii substances as tea, red cabbage extract, grape juice and red 
radish extract can be readily tested. The latter can be obtained by 
boiling the skm of several red radishes in water, evaporating nearly to 
dryness and dissolving the residue, when cool, in a small volume of 
i^hyl alcohol (95 percent). Pupils will find it interesting to test other 
plant extracts and flower pigments for possible use as indicators. They 
may be able to determine also the approximate pH scale region where 
color change occurs by comparison with other knoWn indicators. The 
following table summarizes some common color changes. 
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Indicator 


Color Cha^jce 


pH AT 

Color Change 


Rfethyl violet 


green to violet 


' 1.0 


Methyl orange. 


red to yellow 


3.1 — 4.4 


Methyl red 


red t'f) yellow 


4.0' 


Brom thymol blue 


yellow to blue 


6.0 — 7.6 


Litmus 


red to blue ^ ' 


5.0 8.0 


Phenolphtholein 


colorless to red 


,8.g~'io.o 


Thymol phthalein 


colorless to blue 


^ 10.0 


Alizarin jrellow 


yellow to violet 


. 10-12 



5.13. 



Hydrogen Ion Concentration (pH) 

a. Theory. Although the concentration of acidic» and basic solu- 
tions is readily expressed by molarity ox normality, these Methods are 
not especially convenient for .ver^ dilute solutions. Botanists and 
biologists, working with plant or animal. Huids s'uch as plant saps or 
blood, lymph and digestive juices, encounter very low alkaline or acid 
concentrations, which involve awkward decimals if eo^Jres^ed as nor- 
mality or molarity. The pH system was devised for their needs biit 
has been adopted also by chemists because of its usefulness. ^ 

r 

The -system is useful in describing the concentration of ions 
in solutions having a relatively small concentration of these ions. The 
term, pH, is defined as the logaiSthm of f the reciprocal of the hydro^n^ 
ion concentration in a solution. For e^imple^ the^ H* concentration of 
pure water is O.OOOOOOIM or IOtM. Tfie reciprocal of 10"^ is 10^ anfl 
its logarithm is 7. Therefore, the of pure water is 7. 



'The product of the concentration 
of OH- ions, [H+] x.[OH-J, is 1^ 
concentration of. either the H* iori 
solution is neutral. If an acid is 
centration increases while the OH" 
versely, if the OH" concentration is 
the H* corfcentration must decrease 
centr^t^ns is 10'^*. 



of H* ions and o^the concentration 
. In-^e case (jf pure water the 
or the OH- ion is IQ-^M, and the 
dded to pure water, the H* con- 
concentratiojf must decrease. Con- 
increased byJthe addition of a base, 
since the pioduct of the two con,- 
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♦ To illustrate, a O.IM solution of HCl is nearly completely ionized. 
It has an concentration of 10-|m., or a pH of 1, Since [H+]' x 
[0H-] = 10^", the OH- concen^tion is 10-"M, This concentration 
may*^ expressed ^as a pOH of 13, , - ^ 

The following repr^entation may assist pupils in understanding pie^ 
mathematical relationship involved in pil, ^ 



10' 



11 



12 



13 



14 



O 

o 
< 



Concentration of 11+ 
IN Grams Per Liter 



Exponent 



a. 



10° 



0.1 



0.01 



NEUTRAL 



O 

CO 



0.001 



0.0001' 



0.00001 » 



0.000001 



\ 



O.OOOOOOl 



0. 



0.000000001 



0:0000000001 



0.00000000001 



0.000000000001 



0.0000000000001 



0.00000000000001 



- 10- 



10- 



io-» 



10-* 



lOr' 



10~« 



10-^ 



io-« 



io-« 



10-10 



10-*' 



10- 



10- 



io-» 



The taUe indicates that, for any two solutions, the one havings the 
Usser pH number has the higher concentration of H+ iotis. Dijfferences 
between the pH of any two solutions by values of whole numbers such 
as 1, 2, .3, . . . represent differences in H+ concentraJion by factors of 
10, 100, 1,000, . . . Note that a solution of .p^ 6 contains 10"° 
of H+ ions per liter while a solution of p/TQ contains 10"^ moles of 
ions per liter. The*solution of pH 6 contains 1,000 times as^ma 
ions per liter as a solution of pH 9.^The numerical difference -^f pH 
is 3, which is the logarithm of 1,000. 

Decimal differences in pH numbers represent differences jj^ H+ 
concentrations by factors which are not immediately obvious. The 
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values must be obtained from tables ^of logarithms or antilogarithms. 
For example, a* difference of 0.3^ in pH numbers for two solutions in- 
dicates that the solution of lesser pH number has about twice the con- 
centration of H* ions. Similarly, a difference of 0.6 in pH numbers 
indicates that the solution of lesser pH number has about four times 
the concentration of Ht ion^. See mathematical applications 3 and 4 
below for explanations. 

b. Mathematical Applications. 

(1) Determine the pH ^of a solution if the fl* concentration is 
0.00030M. V, 



.00030^ • ^ 3.0 X 10-^ 
, 10^ = log 10* - log 3.0 
^^"SlO . 
= 4.0 - 0.5 = 3.5 
(2) Determine the concentration of H* in a solution whose pH is 
6.7. 

1 ' 



pH = log 
6.7 = log 



[H-1 

1 ^ 



log [H-] = -6.7 

= (-7 + 0.3) 
^ '[H*] = 10^-3 X 10-^ 

See a table , of logarithms for the number whose logarithm is 0.3. 
This is approximately 2.0, therefore, [H*] = 2.0 X lO^ • 

(3) Compare the H* concentration of solution A (pH 6.7) with the 
concentration of solution B (pH 7 JO). 

[H^] for solution A lO"*^ 

I ± . . = = 100-3 ^ 2 

[H^] .for solution B 1-0-' 

See a table oi logarithms for the number whose logarithm is 0.3. 
This is approximately 2. 

Ther(j(fore, solution A has two tiines the number of ions per liter 
as does solution B. 

Note: This factor of 2 applies whenever the diflference in any two pH 
numbers is ^.3. a 

(4) Compare the concentration of solution A (pH 8.0) with the 
H* concentration of ^solution B^ (pH 8.6). 

[H*j for solution A _ 10-« 



[H^] for sblution B 10 ' 
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>^See a table of logarithms for .the number whose logarithm is 0.6. 
Thr% is approximately 4. ' 

Therefore, solution has fouE times the number of ions per liter 
as does solution B. ; "l ' 

' Note: This factor of 4 applies whenever the difference in any Vwo 
pHjiumheTS is 0.6. ■ 

5.14. pH of Distilled Water 

Test a sample of distilled water with a properly calibrated pH meter 
if such an instrument is available. If no p// meter is, available determine 
the pH' SiS accurately as possible with a p// paper,. hydr ion paper or 
universal indicator. Pupils are often surprised to find that the pH 
of distilled water usually tests substantially below pH 7, which they 
anticipate to .be the result. Remove dissolved 'carbon dioxide from the^ 
distilled water by heating to boiling/ The concentration should then, 
bep//?. ' ^ , 

5.15. Preparation of Solutions of Known 

Heat to boiling 500 ml! of distilled water, in a dean flask. Cover the 
mouth of the flask with a smdl beaker and allow the water to cool. 
This boiled, distilled water can serve as absolution of pH 7 and also for 
purposes of dilution. Prepare a O.IM solution of HQ wliich can serve 
as a solution of pH 1. Dilute 5 ml. of this O.IM solution with 45 ml. 
of the boiled distilled water giving a'O.OlM solution which will be 
pH 2. Coptinue similar 1 to 9 dilution^; producing solutions' of pH 3, 
pH 4, pH 5 and pH 6. , ^ 

Starting with a O.lM solution of sodium hydroxide, which has a pH 
of 13, prepare similar dilutions which would yield five additional solu- 
' tions'from pH 12 to pH 8. Thus a complete range of approximate 
concentrations from pH 1 to pH 13 can be prepared for subsequenr 
tests. ' ' ^ 

i- 

5.16. Color Change of Indicators 

Place 5 ml. of each of the solutions prepared in activity 5J5 in a 
series of 13 clean test tubes. Add 2,drops of methyl orange indicator 
solution to each lest , tube, shake and observe the color change in each 
case. If the prepared solutions are of nearly correct concentration, the 
noticeable difference should be between solutions of pH 3 and pH 4. 

Test similar samples with other indicators, such as brom thymol 
blue,.phenolphthalein and alizarin yellow. ' Again particular attention 
should be paid to the pH of the solutions at which the color change is 
noted. » ' 

:2M- ^ ' 
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It should ifow be possible to use these four indicators and approxi- 
mate the pH of an "unknown" solution such as vinegar, lemonade or 
ammoQium hydroxide solution (.05M). Pupils may find it interesting 
to prepare and check '^ome of the solutions listed on the Reference 
Tables for Chemistrj^ (see page3 333-336-)*. 

5. 1 7. p£r of Cottimon Substances ^ , * 

^ Test various sjlbstances for hydrogen ^on concentration. When soil 
samples are being tested, boil a little of the soil vS'ith distilled water 
in a. Weaker or large test tube and filter to obtain a clear liquid. Test 
this filtrate with universal indicator, hydrion or pH paper. Generally, 
the universal indicator gives the most satisfactory results. Other sub- 
stances, Buch as toothpaste, soap, lemon juice and soft drinks, may be 
• tested witK the same *indu;ators. The chart on p^ge 205 will aid in iden- 
'tifying some of these substaii^es. ' • . 

* * A pH ineter of one of Uje various types available is highly desirable * 
{or demonstration *i^urp6ses. Sucb instrument^ properly' used, give 
results , of much greater Sensitivity^ and accuracy and can -be utilized . 
on many Occasions in the chemistry laboratory. 

5.18. Neutralization ' - 

The most important reaction of acids and bases, and one of the 
most Important of all chemical reactions, is the neutralization reaction. 
This, by definition, is the combination of a hydronium ion and 
hydroxyl ion: 

' H3O* + OH- ^ 2H2O 
While this is the essential part of the reaction, there must be an addi- 
tional product, since some anion must be associated with the hydronium 
iOn as an acid and some cation with the hydroxyl ion as a base. The 
full neutralization reaction oould then be represented aS: **^^. 

+ A-) + (B^ + 0H-) ^ 2U,0 
The byproduct of the reaction (B+ A") is called a salt, Salfs^are 
ionic substances which are typically strong electrolytes and exist in 
a great variety ^of cation-anipn combinations. 

• This is the classical definition of acid^base reaction originated by 
Svante Arrhenius in 1887 which was broadened considerably by the 
Bronsted-Lotvry Theory (1923). According to this theory, which defines 
an acid c(^a proton (Iv) donor and a base as a protpn\cceptor, many 
reactions'^ can be included ur)der the heading of neutralization which 
.would not ordinarily be so classified^ and media other than water may 
serVe as solvents. Neutralization is thereby defined by the reactions 
acidi + bases ^ basci + acida 
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STRONG ACIDS 
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WEAK AC/PS 



NEUTRAL 



WEAK BAS£S 



STRONG Abases \ 

■ h 



^ MURIATIC ACID 

M STVRAOE BATr£Ry LIQUID , 

< LEMONS 

<QRAP£FRUIT JU/CE ^ 
<OKANe€S^ 

< TOMATOES 

< CABBAGE 

< SOIL FOR 6K0Wm POTATOES 
^ BREAD ^ ^ * 

< COW'S MILK 
^ SHRIMP 

< HUMAN BLOOD ' 

<EG6S . 
^BAKING SQDA 

< BORAX 

^ MILK OF MAGNESIA (Satataied) , 

< AMMONIA 
SWASHING SODA 

< LIME WATER, 

<LyE ^ 



in which case acid^ ^tnd base^ are called a conjugate acid and base 
pair and basca and acid^ are likewise a conjugate pair. Typical re- 
actions nfight' appear as follows: 

+ OH- ^ H2O +. 
NH, OH- + 



H,0- 



H,0 + 



H2O 
OH- 



H,0 
NH/ 



HQ + U,0. CK + HgO^ 
As examples of neutralization reactions in nonaqueous media: 
NH4CI + NaNH. ^ 2NH3 + NaQ 
(in liquid ammonia) 
HCl + CH3COOK CH3COOH + KCl 
(in acetic acid) 
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The definition of acids and bases as stated by G. N. Lewis in 1923 
"(Lewis Theory) is ev^n mdre general than the Bronsted-Lowry Theory. 
Whereas the latte-r theory limits the term acid to substances that pos- 
sess hydrogen, the Lewis concept recognizes that other compounds may 
act similarly to acids when tfwater is not present and should therefore 
be called . acids. Lewis define an acid as an ion or molecule that can 
accept electrons for covalent bond formtftion and .a base as an ion or 
molecule that ci\n. donate a pair, of electrons for covalent bond forma- 
tion. Neutralization then becomes simply the formation of the coor- 
dinate covalent bond. The reaction 

^ * Ca(0H)2 4: H,S04 -> 2H2O + CaSO, 
would be classified as acid-b^se by all 'theories. The reaction between 
the anhydrides, however, would be neutralization only by the Lewis 
Theory, 

CaO + SO3 CaS04 
Here the calcium oxide is the bas© because the oxide* contributes the 
two electrons for covalent bonding. Sulfur trioxide is the acid, siftce 
it accepts the pair of electrons for sharing. Obviously a tremendous 
number of reactions f alf into tl|e acid-base classification if one accepts 
this theory. ) ' 

a. Add a drop of phenolphthalein solution to about 10 ml. of water 
in a lest tube, and then add a drq^ of dilute (IN) sodium hydroxide. 
Divide this, solution between two tegt tubes, and then add, dropwise, 
dilute (IN) hydrochloric acid to one test tube and dilute (IN) sulfuric 
acid to the other. This procedure may be repeated using various acids, 
bases and indicators to show a common pattern of results. 

h. Place 10 ynl. of IN sodium hydroxide^ in an evaporating dish, 
add a drop of phenolphthalein, and then add IN hydrochloric acid 
slowly and with stirring until the color just disappears. At this point 
the solution should be colorless, but one drop of- base should turn it 
pink and one drop of acid should turn it colorless again. 

Evapcitate the colorless solution to dryness by placing the evaporating 
dish on a tripod or ringstand and heating carefully with a bunsen 
burner. When most of the water has been evaporated, the 'flame should 
be lowered. After the dry product has become cool, it can be safely 
tasted. 



5.19. Nomenclature of Inorganic Compounds 

The simplest compounds are the binary compounds, those consisting 
of two elements. In the case of the ionic compounds (salts) which are 
members of this group the — ide ending characterizes virtually all such 
compounds. If the metal which is involved in such combinations has 
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a variable valence, the suffix - ous is used to denote the lower valence 
and the suffix —ic the higher *^alence. 

BinaFy covalent compounds use the same —ide ending, but in the 
case of vaxiable valence the prefixes indicating the number of atoms 
of the negative element are characteristically used. (Examples: sulfur 
dioxide, sulfur trioxide, carbon monoxide and carbon dioxide.) 

Binary acids are characterized by the prefix /lyt/ro- and the suffix 
— ic as part of their acid names. The dependence of such' compounds 
on the presence of water to display typical acid properties may be a 
helpful aid to remembering the nomenclature. However, it should be 
noted that the need for waiter for such assumption of acid properties is 
not unique airfong this group of compounds and is, in fact, generally 
characteristic of all acid compounds. 

Many n^etals form compounds with hydrogen and oxygen which 
show basic properties and are classified as hydroxides. Both the naming 
and the formulas of such compound^ follow simple pVinciples of valence, 
which should offer _no particular difficulty. 

Mosfof the nohmetals and a few of the transition series metals form 
compounds wSh hydrogen and oxygen which are acidic' Among such 
compounds are carbonic, nitric, sulfuric and chromic acids (H0CO3, 
HNO3, HaSO"* aAd HsCrOi). In 'a number of cases there is a series 
of acids which contains the same nonmetal wi^i a variety of oxidation 
states. These compounds are distinguished from each other by the use 
of various prefixes^VfinH suffixes, including the following in- the case of 
the nonmetal chlorine. 



Oxidation 
State of 
Chlobine 


Formula 
OF Arm 


Name of 
^ Acid 


Sodium 
Salt 

■- ~ 


Name of 
Salt 


+1 


HCIO 


Hypochloroua 


NaaO 


Sodium hypo- 
chlorite 


+3 


HCIO, 


Chlorous 


NaClOa 


Sodium chlorite 


+5 


Hao, 


(.hloric 


NaCia 


Sodium chlorate 


+7 


HC10« 


Perchloric 


NaC10« 


Sodium per- 
ch lorate 



Probably the most important. as^ciation for the beginning pupil in 
chemistry to make is the relationship between — ous acids and — ite 
salts and between — ic acids and — a/c salts^ Pupils who, for example, 
are familiar with the compound potassium chlorate should be able tQ 
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name the acid HClOs, even though this compound may be unfamiliar 
to them. The consistency in the names of the hypo — and per — acids 
'and their corresponding salts may ako be noted. 

5.20. Preparing a Standard Acid 

• Sloichiomelry. One of the inost useful techniques of the analytical 
chemist is' Volumetric analysis in which the titration procedure is the 
fundamental operation. Since neither the equipment nor the mathemat- 
ics which ate involved in this procedure are at all con^pj^x, i% is very 
appropriate that beginning chemistry, pupils acquire an understanding 
of the principles involved. ^ 

Prepare 0. standard solution of oxalic acid by weighing as accurately 
as possible a sample of approximately 3.1 gm. of crystalline oxalic 
acid (COOH)a*2HaO (formula weight 126). If a 500-ml. volumetric 
flask is available, transfer the acid, without loss, to the flask and add 
* sufficient distilled water to dissolve the oxalic acid. After thie aeid has 
dissolved, add sufficient distilled water to fill the flask to the callibra' 
^tion mark. The solution can then be transferred to a clean bottje or 
laboratory flask for storage. See activity 3^6. If no volumetric fliasl^ 
is available, satisfactory results can be obtained using an appropriate 
gradugi.ted cylinder for volume determination. 

The normality of the -acid solution can 4je calculated using the 
relationship;^ ^ ' 

Normality of;. _ ' Actual weight used (gm.) X 1,000 (ml). 

oxalic acid^(C0QH)3 • 2^j30 63(gm.) X volume of solution (ml.) 

^ Since 63 is the equivalent weight of the acid, a solution containing 
63 grams per liter \vould be a IN solution. If, for example, 3.1 gm. 
we/e contained in 500 ml., then by calculation 

N oxaUc acid = ^'^ ^^^^ = 0.0098N ^ 
63 X 500 

Since this standard solution was obtained by weight and volume mea- 
surement rather than by comparison with another solution, it may be 
termed a "primary standar*d." 

5.21. Acid-Base Titration 

A sodium hydroxide solution of approximate O.lN "eoncentration 
can be prepared by dissolving 2 gm» of NaOH in 500 ml. of distilled 
water. Sodium hydroxide is not, appropriate for use in preparing a 
standard solution by- weigh^c^ since, being deliquescent, abcurate 
weight determination is impossible* The prepared solution will be 
standardized by comparison^with a standard acid solution. 
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A pair of burettes are nec^sary for thi$ procedure, and these should 
be thoroughly cleansed and rinsed; first \vithf distilled water and then 
with about 10 ml. of solution with which the burette is to be filled. 
Fill. one burette with -the standard acid and the other with the base to 
be standardized (see diagram 5.21). Fill the tip of etich burette by 
opening the stofccock momentarily and letting a small amount of the 
solution Iflow through the tip into the bedker containing that solution. 
Add sufficient solution to the burette and adjust the liquid level so 
that th^ bottom of the meniscus is on th^ zero mark of the burettel 

Remove about 15 ml. of base from the burette into a clean IS^O-ml. 
beaker. Add 2 drops of phenolphthaleift and place the beaker under 
the acid burette. Add acid'.alowly and with constant stirring untiV the 
indicator color disappears. If too much add is added, add more base, 




(irop of aoid* will turn the 
produce a faint color. This 
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drop by drop, until faint color is restored. A white piece of paper 
'uncjer the beaker will make the color mom perceptible. Itvshould be 
possible to achieve the situation where 1 
solution colorless and a drop of base will 

is the end point of the titration. »r ^ 

Burette readings should thert be taken and the normality of the 
base calculated from the relationship: 

Normfolity of acid X Volume of Acid ^ Nonnality of Base X Volume of Base 
or Na X Va = Nb X Vfl. Inasmuch as the normality of the a<Tid, the 
volume of the acid, and the volume of the basie are known factors, 
it is possible to solve for the normality of the base. This solution may 
now be uspd in subsequent titrations- where a standard base is required.' 
An example illustrati^ng the use of typical' data is showrt'^ below : 

Volume of standard acid used^n titration 24.3 ml. 

Normality of standard acid . . ' 0.11 N 

Volume of base used in titrati<in 26.7 ml. v* 

Normality of base determined by calculation 0'.096 N 

Va X Na1= Vb X Nb 
24.3 X 0.11 1 = 26.7 X Nb 
0.10 = Nb 

See reference 5R^1 for suggestions relating to the constrii^ion of 
titration graphs. ^ * ' 

Reference 5/?-2t contains a description of an investigationf which 
provides for tliS^stftdy of some analytical procedures. \ 

5.22. Importance of Proper Indicator in Titration 

Dissolve 0j5 gm. of anhydrous 'sodjjum carbonate in lOD ml. of 
distilled water. Place 50 ml. of this solution into a 250-ml. l|eaker, add 
2 drops of phenolphthalein, and titrate the solution with a standard ' 
solution of HQ of approximately O.IN. Note the'^rolun^e of the a<^d 
requRed to render th€ indicator ^olorless and calculate the normal^t^^^^^ 
of trie NaigCOa solutioii, based on this Vend point." (Va x Na ^ . 

VbxNb) ' _ : . . . 

Now add 2 drops of methyl orange indicator to the unused 50 mi. 
of the Na^COa solution and' tkrate with the O.IN HQ from the burette 
until an "end point" is reached, as is evidenced by the color change 
from yellow to red; Calculate the normality of the Na^COa solution 
based on the voliAne of acid used to achieve this end point. This makes 
^n excellent problem demonstratior), and at this point the pupils may 
e challenged to explain why the two different indicators'^ give such • 
dissimilar results, which are probably in an almost 2:1 ratio. Note: 
The more correct result may be inferred from Ifce quantities used in 
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preparing the original Na2C03 solution. " . 

The explanation, of course, lies in the fact that since the original 
NaoCOa solirtion is approximately O.IN, it has a pH of almost 12 and 
therefore turns phenolphthalein red. When enough acid has bee^n 
added to change the original Na^CO, to NaHCO,, the pH wUl have 
become about 8.4, so a«,slight excess of HCl will cause the indicator 
to become colorless. In the case of the methyl orange indicator, how- 
ever, the pli must be lowered to about 3.5 to obtain the ^color change. 
At this point the Na^COs will have completely reacted to yield NaO, 
. but twice the volume of acid will be required. 

HO + NaXOs NaHCOs +*NaCl 
2Ha + Na,C03 -> 2Naa + H,0 + CO^ . 
\ Farther discussion may establish the reason why phenolphthalein 
/would be a satisfactory indicator when titrating a strong base wth a 
weak acid, whereas methyl orange would be very unsatisfactory in this 
case. Similarly, methyl orange would be appropriate^^ for use in a 
titration involving a strong acid and weak base and phenolphthalein 
would prove unsatisfactory. In ^iftalion in whic^ both the acid and 
bas^were strong, either indicator could be used. Note: Color change 
of phenolphthalein at pH 8.3 to 10; color change of methyl orange 
, at pH 3.1 to 4.4. ■ " , . 

5.23. Percent of Acetic Acid in Vinegar 

A sa'Jiiple'of vinegar ^(preferably white vinegar) can be titrated with 
the standard base by a.-procedure similar ta that outlined in the.pr^ 
cedihg discussion and ^he normality of solution of acetic acid 
detennin^d. This normality can be converted into approximate percent 
'concentration by determining the number of grams of acetic acid per 
100 ml. of solution. This is a proportion wherein it is known that a 
m solution contains 60 gm. per liter (since 60 gm. is tiie equivalent 
weight of acetic acid). A 0.6N solution would, for example, contam 
36 -m. per liter of solution or 3.6 gm. per 100 ml. Inasmuch as tiie 
denshy of vinegar is very nearly 1 gm./ml, this would represent an 
app/»ximate 3.6 percent solution. ^ 

Similar procedures may be employed to prepare a standard HU 
or H2SO4 solution, to determine the concentration of a sample of 
household ammonia o? to determine the base strength of a solution of 
sodium carbonat^.^ 

^24. Acid and Basic Anhydrides 

a The reaction^ of- various nonmetallic oxides with water may be 
observed, but it wilf probably be necessary in each case first to prepare 
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the oxfde. in orai^ to prepare some phosphorus pejitoxide, place a 
piece of red phospnprus weighing about 0.5 gm. 'on an asbestos pad 
and ignite it with a l^nsen iurner flame or a piece ijf hot wire. Place 
a 250-ml. or larger b^^er in an inverted position directly over the 
burning phosphorus. WBen the. phosphorus has ceased burning, remove 
the beaker, place it righl^ide up, and add 20 ml. of distilled water 
to it, swirling the water ^Und the sides of the beaker in order to 
diss^olve the phosphorus penjfjG^xide which has collected thereon. Test 
the resulting solution with li^us in order tp indicate the formation 
of phosphoric acid. ^^. 

Prepare sulfur dioxide in a ge^ierator by the action of dilute 
sulfuric acid on sodium sulfite. Bumble the gas into distUIed water for 
several minutes. Test the resulting sdmtion for acidity. 

Prepare carbonic acid either by i^bg a ga& generator containing 
limestone chips and dilute hydrochlori^icid, or by merely bubbling 
exhaled air into distilled water for a few %jinutes. 

In all the preparations described the aistilled water used should 
first be tested to determine whether it is ncmral or acidic. Quite fre- 
(juently it is necessary to boil the distilled water just before using it in 
order to drive off the cairbon dioxide which *it has absorbed from the 
atmosphere. 

6. The action of certain metallic oxides or peroxides may also be 
observed: Mix a small quantity (about 1 gm.) of calcium oxide with 
50 ml. of distilled water in a 250-ml. beaker. CAUTION: Be careful 
not to touch the caldlum oxide with the fingers '; it can produce a serious 
burn. Test the resulting solution with litmus. 

'A similar result can be obtained by* following the same procedure 
with ^magnesium oxide. If no magnesium oxide is available, it can" be 
obtained by burning a 2:inch piece of magnesium ribbon and mixing 
the white oxide formed with a few ml. of distilled water in a test tube. 

Mix a gram of sodium peroxide with 50 ml. of water in a beaker. 
In this case the evolution of oxygen- gas will be noted as well as the 
formation of a basic solution as- evidenced by the litmus test. 

5:25. Hydrolysis 

Hydrolysis may be Broadly defined as the reaction of a substance 
with water. Many very important&reactions of a hydrolytic nature 
occyr, a large percentage of which require catalysis to produce a 
significant /quarflity of product. In the field of biological chemistry, 
for example, there are a great number of reactions of this nature. ' 

The various reactions which occur when salts react with water 
provide additional application of ionic theory and fall within the defini- 
tion of hydrolysis. Four cases may be distinguished, depending upon 
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the electrolytic strength of the acid and base products: (1) Salt of 
a strong ^d and a strong base (example is NaCl) forms a neutral 
solutioa %«th no hydrolysis; (2) salt of a weak acid and a strong 
bqse (example is NaQ,H,0,) forms a basic solution (pH ,above H ; 
(3) salt of a strong acid and a weak base (example is NH^Q) forms 
an acid soluu'on (pH below 7) ; and (4) sajt of a weak acid and a 
weak base (example is -NHiC^HA) fornas a solution which may be 
either acidic, basic or neutral, depending upon the ionization constants 

ot the products. , . .-ii j 

a Dissolve a few crystals of each of the following salts in distiUed 
water in separate clean test tubes: cupric sulfate, potassium carbonate, 
ammonium chloride, sodium nitrate, sodium acetate, aluminmn sulfate, 
barium nitrate ammonium phosphate, potassium suUate and calcium 
acetate. Test each of tliese solutions with re(| a-hd blue litmus paper. 
' l^ote: WhUe litmus is a reasonably satisfactory indicator for this pur- 
pose, brom thymol blue solution, if available, is substantially more 
sensitive to solutions which are either^ weakly acidic or basic/ 

b ^Prepare O.IN solutions of aluminum sulfate, sodium bicarbonate, 
sodium carbonate and potassium chloride. If a pH meter is avaUable, 
use this instrument to determine the pH of each of the prepared solu- 
tions." If no- pH meter is available, test the solutions with univergat- 
indicator or hydrion paper. ■ i o ' 

Prepare an aqueous Soap solution by dissolving approximately 2 gin., 
of toilet soap in" 100 ml. of distilled water. Place 50 ml. of the soap 
solution in a 250-ml. beaker and add a drop or two of pheiiolphthalein. 
Add 50 ml. of 95 percent ethyl alcohol to this colored solution and 
stir It becomes apparent that alcohol represses the hydrolysis of the " 
soap solution. In order show that the alcohol has M rendered the 
indicator inactive, add a few drops of 6N sodium hydroxide. 

5.26. Buffer Action 

There are many situations both in laboratory procedures and in the 
vital processes of living organisms where it is highly desirable for a 
solution to be able to resist changes in its pH value in spite of the 
addition of substances which may supply either hydrogen or hydroxyl 
ions. Solutions which are able to maintain .a fairly constant pff under 
the conditions mentioned are called buffered solutions. Their abdity 
to Achieve such Stability is, of course, related to their chemical 

composition. - , . i • 

The blood is an excellent example of a buffered solution. It retains 
a pH slightly above 7 in spite of the wide Variety of foods which ^ight 
be expected to change this slight alkalinity. In the cafee of the blood 
the buffering is accomplished mainly by carbonates, phosphates and 
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proteins. In most cases a buffered solution consists of a weak' acid or 
a weak base plus a salt of that weak acid oi/ base. 

Ah example hiay provide explanation of the mechanism of buffer 
^ action^The ionization of acetic acid caii be stated as 

HQHsOg 4- CaHsOr 

which indicates that the equilibrium is strongly to the left, maintaining 
a high concentration of undissociated molecules. If sodium acetate is 
added to such a solution, the high degree of ionization of the salt ^ 
would provide a much higher concentration of CzHsOa^ ions ^d a 
consequent reduction in the concentration of H* ions, forming miore 
molecular acetic acid. This solution would now have a pH which 
would resist change- If^ for example, a source of hydrogen ions were 
added to the solution^ the acetate ions would combine with the hydrogen 
ions, keeping the hydrogen concentration very nearly the same. 

If, on the other hand, a base were added^ the hydroxyl ions of thfe* 
base would combihe with soKie of the hydrogen ions to form water. 
This would make it possible for the equilibrium of afcetic acid ioniza- 
tion to precede to the right, thus reestablishing ^^concentration of 
ions. 

+ OH- ^ H2O (addition of base) 
HC^HsOz -|- CLjHsO^- (results in dissociation) 

a. A buffer solution whose pH is approximately 7 can be prepared 
by dissolving 6.8 gm. oj KH2PO4 in' distilled water and adding 296 ml. 
of O.IN NaOH. The resulting solution should be diluted to a volume 
of one liter. 

To observe the buffer effect place 50 ml. of freshly boiled distilled 
water in one Weaker and 50 ml, of the prepare^! buffer in another. Add 
2 drops of phenolphthalein to each beaker an4 titrate each with O.IN 
NaOH. A comparison of the quantities required to produce a similar 
coloration in each beaker, which represents a change in pH. from 7 
to about 9, illustrates the difference in stability of unbuffered water as 
/contrasted with the buffered solution. 

The titration procedure should be repeated, using methyl orange 
indicator in 50 ml. samples of freshly boiled distilled water and the 
buffer solution, this time titrating with O.IN HCl (or other acid of 
similar concentratio^) . This time a change in pH from 7 to approxi- 
Inately 3.5 is accomplished by a greater quafitity of acid in the buffered 
solution than in '-the unbuffered water. 

b. Prepare a buffer solution which consists of equal volumes of IM 
sodium acetate and IM acetic acid. Determine the pH of this solution 
using either ^ pH meter or an indicator method (hydrion paper or 
universal indicator). 



CONIZATION, AODS, BASES AND SALTS 215 

' Dflute. a solution of hydrochloric acid sufficiently to produce a solu- 
tion whose pH is as nearly the same as jhe buffer solution as possible. 
This wiU probably.be approximately a lO"' M solution of HQ. 

Place 100 ml. of the buffer solution in one 250-ml. beaker iid IW 
ml of the diluted HQ s6lution in a second beaker. Add 10 ml. of IM 
sodium hydroxide solution to each beaker, stir thoroughly, and detW- 
mine the pH of each solution by the sai^je method used previously. 
WhUe a lesser amount of sodium hydroxide solution could be used it 
should be possible to use this quantity without substantially affectmg 
the pff of the buffer solution. ^ 

5.27. CommcmloaEffect * - < 

The ionization of a weqk electrolyte tends to decrease when an ionic 
compound containing one of the ions of the weak electrflyte is added 
to the solution. Thi? phenomenon is called the ,"common ion efiect. 

If a salt of a %reak base, such as ammonium cliloride, is added to 
a solution of the weak base, ammonium hydroxide, the increase in the 
concentration of NH** ioHs wiU cause a corresponding decrease in the 
OH- ions, thus making the weak base even weaker. Similarly, if sodium, 
acetate which is the salt of a weak acid, is added to a solution of the 
Weak acid, namely acetic acid, a decrease in the hydrogen ion con- 
centrktion will'be noted. • • 

In a somewhat similar fashion the addition of a common ion affecte 
the equilibrium of solutions of slightly soluble salts and reduces the 
solubiUty of such salts. This behavior is also referred to as the common 
ion effect and may find practical application in chemical analysis and , 
separation. 

" 4 Place about 200 ml. of distiUed water in a 250-ml. beaker; add 
2 drops of phenolphthalein solution and 25 ml, of concentrated am- 
monium hydroxide. This solution contains sufGcient OH" ions to pro- 
duce a fairly intense red color. Now stir into the solution pome sohd 
ammonium chloride, adding only a few crystals at a, time and noting 
the change in color from red -to pink which indicates the decrease m 
OH" ion concentration. „ . 

b Prepare 30 ml. of saturated silver acetate solution and divide, 
the solution equaUy among three test tubes. To one test tube add a 
few crystals of silver nitrate, to the second a similar quantity of sodium 
acetate and to the third a like quantity of ammonium nitrate. In the 
first tw^ instahces the addition of a common ion disturbs the equili- 
brium of the system and causes precipitation, while in the third case 
no such precipitation occurs since no common ion has been introduced. 
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'C. Prepare suflScient saturated solution of sodium chloride to nearly 
fill a lOG-ml. graduate. If 45 gm. of sodium chloride are added to 
100 ml. of distilled water, the mixture stirred thoroughly and the excess 
salt allowed to setde out, the clear liquid can then be decanted into 
the graduated cylinder. " 
^ Bubble hydrogen chloride gas into the saturated sodium chloride 
^olution, using either a Cylinder of HCl gas or an HQ generator. If 
the gas is prepared in a generator it is desirable that the gas be as 
dry as possible. The addition of concentrated hydrochloric acid to con- 
centrated sulfuric acid in a generating flask will produce a satisfactory 
gas. Bubble the HCl gas into the solution until a noticeable quantity 
of sah has crystallized from the solution. 

This effect is especially impressive, :since no soli J material is added 
nor is a reaction required in the solution to produce precipitation. 

5.2^. Migration of Ions (Elei^trolytic DiiB^usion) 

y$ACHER DEMONSTRATION ONLY: Nearly fill a battery jar 
or. 1,000-ml. beaker with water and drop in a large crystal of copper 
suIfite.**Obse^ation over 4n extended period of time will indicate 
that the blue c^jilor of the [Cu(HaO)4]^ ion diffuses very slowly through- 
out ihe soluticjn. ^ 

Ti> a second container of similar capacity add water and a large 
crystal of GuSO* as before. In this case introduce electroHes such as 
carbon rods into the solution, connecting the electrodes to a 6-volt 
battery or other source of direct current. Place the positive electrode 
near tH^e CuSO* crystal ai^d the negative ejectrode at some distance 
fropa t$e crystal. Some experimentation may be necessary to determine 
the ijjftost effective distance. A much more rapid diffusion of color 
occurs, due to the forces now acting on the [CuCH^O)*]^ ions.. 

5.29. Electrolysis 

The passage of an electric current through certain molten compounds 
and electrolytic solutions is due to the presence o( ions in such liquids. 
That these ions play an active part in such conductivity is a funda- 
mental concept in the theory of ionization and distinguishes such con- 
ductivity from ti^e conductivity of metals. With the latter it is ^umed 
that the conducUvity is related to the freedom of movement of some ' 
'of the electrons in the structure of atoms, arid the electric current is 
simply the movement of electrons from one atom to another. 

Since ions are involved in the conduction of electricity through 
molten salts and electrolytic solutions, changes in the ions themselycis 
must always accompany such conduction. The reduction reactions 
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which occur at. the cathode are ah integral part, of jhe coaductivity 
process.. The study of such electrolysis reactions oSers opportunity 
either to introduce or find application for the concept of Oxidation- 
reduction. It was Michael Faraday, one of the first to study electrolysis 
reactions, who introduced such terms as ion, anode, "cathode, anion 

and cation. . - ^ % ^ r 

a. TEACHER DEMONSTRATION ONLY: The electrolysis of water 
is most effectively demonstrated with the Hoffman.-type apparatus which 
is available in most laboratories. Since sugh an apparatus is usually 
equipped with plaHnum electrodes, it can be use^^ ef ectively with a 
variety of solutions, including dilute sulfuric acid. 

In order to demonstrate the electrolysis of water prepare a dilute 
solution of sulfuric acid which* is approximately l^olar. Such a solu- 
tion is of. sufficient concentration to cause the evolution of the gases at 
a fairly rapid rate if a direct current supplv of 6 to 12 volts is used. 
In a quantitative observal^ion of gas volunles, the volume of oxygen , 
is less than half that of. the' hydrogen because of the greater solubility 
of oxygen in Water. This difference can be minimized by allowing the 
initial samples of gasfes to escape ^^nd then CDllecting samples after the 
solution has become saturated with the gaseous products. 

The>ydrogen can be. readily identified by allowing a few milliliters 
to escape into an inverted lest tube and bringing the mouth of 'the 
. test tifbe to a small flame. CAUTION: Care should be taken not to 
place the splint near the hydrogen outlet. A glowing splint, held 
above the opening of the stopcock on the side where the oxygen has 
collected, can be reignited several times by releasing small quantities 
of oxygen gas. 

- 6. TEACHER DEMONSTRATION ONLY: The resuk of electro- 
lyzing water with alternating current is of interest, especially if pupils 
are first asked to predict the result of such a reaction. The explanation 
of the resuh on the basis of ionic theory offers further evidence for 
the validity of the theory. The same equipment and sollition may be 
used as in the preceding demonstration, substituting a low-voltage al- 
ternating current of 6 to 12 volts for the direct current previously 
used. Low-voltage substations or transformers may be used for this 
purpose. Since the mixture of gases produced on each side of the ap- 
^ paratus is highly explosive, it should be tested only after it has been 
removed into an inverted test tube. CAUTION: Do not attempt to 
ignUe the. gas at eUher stopcock. Pupils *ould be able to explain why 
such a mixture results and also why identical vdumes of gases collect 

in both tubes. , . 

c. TEACHER DEMONSTRATION ONLY: A U-tube makes a suit- 
able container for various electrolytic reactions and can be used for 



■ 21.8 



218 



CHEMISTRY HANDBpOK 



/ 



demonstration purposes if it is of adequate size (see diagrtun 5,29c). 
Prepare a saturate^ solution of NaQ and fill the U-tube with this 
solution, adding a^ lew drops of phenolphthalein indicator solution. 
Use a 6- to 12-volt direct current supply, such as |a storage* battery, 
and electrolyze the solution for several minutes^ This' can be used as a 
"proW^m" demonstration, with pupils providing explanation for their 
observations. It will probably be necessary to coirtjnue the reaction 
for quite some time in order to collect a detectable sample of chlorine 
gas, due to its solubiKty in water. 1 



^ No.18 wire 




Solution 



5.29 c 

- d. TEACHEK demonstration ONLY: Fill the U-tube with a 
concentrated solution of sodium sulfate, add a few drops of ^ litmus 
solution, and electrolyze the solution with 6 to 12 volts dx. After 
noticeable ' color change has occurred, reverse the terminals, and note 
the gradual reversal of color. (The Hoffman apparatus can be used 
for this demonstration if more convenient, and only enough solution 
to completely submerge they electrodes need be added.) 

e. The overhead projector may be modified slightly to produce an 
effective demonstration using a plastic electrolysis cell (see diagram 
5.29c). 
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5.30. Preparation of Iodine by Electrolysis ^ 

TEACHER DEMONSTRATION ONLY: P]dce, a solution ol potas-^ 
sium iodide in the U-tube apparatus and connect the electrodes to the--^ 
6- to 12-voU d.c. supply. In this case the action at the anode iSiclqarly 
visible as "free" iodine is formed. The formation'of potassium hydroxide 
at tf^e vicinity oof the cathode can be demonstrated by adding a few 
drops of phenolphthalein solution, to the original solution to be elec- 
trolyzed. (The HoffiA-m apparatus may be used, if available.) 

5.31. Oxidatibn.Reduction Reactions Involving 
Iron Compounds 

. a. An interesting yet simple demonstration to iUustrate "^^dation- 
reduoUon reacU6n without oxygen is the change ^o i^on (III) m the 
presence of potassium thiocyanate (KCNS). Add 1 ml. of KCNS solu- 
tioa to 25 ml. of iron (II) chloride solution. Next add 5 ml. of chlonne 
water. A deep red color indicates the presence of the iron (III) lons^ 
Note: The iron (II) solution must be prepared fresh and protected 
■from oxidation by atmospheric oJygen. Adding a few clean nails to 
the bottle containing FeQ, solution will help to keep the iron ions in 
the iron fll) state. <^ I 

The iron has been oxidized (lost electrons) and the chlorine has 
been reduced <gaine,d electrons) as indicated In the following equa; 
tions: 

2FeCU + a^-* 2Fea, 
2Fe« — 2e -» 2Fe*« 
20" + 2e ->^a- 
6 TEAQHER DEMONSTRATION ONLY: Fill^the U-lube elfo 
trolysis apparatus (or the Hofiman apparatus) with a saturated solu- 
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tian of ferric chloride which contains a few drops of potassium ferri- 
oyanide solution. If these solutions are freshly prepared, no color-change 
reaction should occur. Electrolyze the solution and note the reaction 
of the cathode which produces the precipitate KFeFe(CN)o'H20 with 
its characteristic blue color. The color is produced as a Result of Fe*^ 
ions being reduced to Fe"^ ions at the cathode and reacting with the 
KaFeCCN)^ as indicated in the following equations: 

Fe^ + 2a- + 3K* + Fe(CN)o — + mO-^ 
,KFeFe(CN)«»H30 i + 2K*+ 2a- 1 
By disregarding the ions which are not essential to the reaction, the 
equation becomes ' 

Fe^ + + le(GV)o--- + H2O KFeFe(aV)o'H20 i 
c. TEACHER DEMONSTRATION ONLY: A solution of ferrous 
an^onium sulfate whic 1 contains a small quantity of potassiimi thio- 
cyanate solution^ can be electrolyzed in a U-tube to demonstrate the 
oxidation reaction at th i anode. First demonstrate the value of KCNS 
solution as an analyticd reagent to distinguish Fe"^ from Fe+^ ions. 
Add a few drops of KuNS solution to solutions of ferric chloride and 
ferrous ammonium sulfite in separate test tubes. The deep red colora- 
tion, due to the form^ion of the ferric-thiocySanate complex-ion, is a 
positive identification lor the presence of Fe*^ ions. 

6 OVS- + Fe^ Fe(GSS)|--" (red color) 
Note: When the solution containing bjEftfi ferrous ammonium sulfate 
and-gotassium thiocyanatc is electrolyzed, the deep red color appears 
at the? anode, thus indicating the oxiy$tion of ferrous ions to ferric 



d. Demonstrate an oxidation-'reduction {redox) reaction in terms of 
an electron transfer by means of a half- cell reaction with indicators 
which produce a color change. Use this as a generalization to show 
that an oxidizing agent ia a substance capal^le of accepting electrons. 
When it has acquired a prescribed number of electrons it is reduced. 
Likewise, generalize that a reducing agent is a substance capable of 
losing electrons. When it has lost a prescribed number of electrons 
it is oxidized. 

Set up the apparatus as shown in diagram 5,Sld and allow the short- 
circuited system t^ stand for a short time. A deep blue color in beaker 1^ 
v/ill indicate the presence of free iodine, and a blue color (Tumbull's 
blue) in beaker 2 will indicate the 'presence of iron (II). Since uo 
oxidant was present in the beaker containing the potassium iodide 
solution and no reductant was present in the beaker containing iron 
(III) sulfate, a flow of electrons from one electrode to the other through 
the conducting is assumed. Note: A salt bridge may be prepared by 
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'. 5.31 d 

filling a U-tube with a strong salt, NH.NO3 C5 gm. in 20 ml. of H.O). 
Place glass v^^ool plugs in the ends of the U-tube, and quickly invert 
the ends of the tube into the beakers of solution. 

Beaker 2 : 21" -2e -> I2 (oxidation) • 
Beaker 2 : 2Fe*** +2e -» ^Fe** (reduction) 

- ■ '7 

5.32. Reduction of Stannous Chloride 

TEACHER DEMONSTRATION ONLY: Prepare a solution of, stan- 
nous -chloride by dissolving 10 gm. of the compound in 100 ml of 
water snd adding sufficient hydrochloric acid to produce a clear 
solution Fill the, U-tube with this solution and electrolyze it, using a 
carbon rod anode and a bare copper wire as the cathode. A 6-volt 
• d.c. source should be adequate to produce a deposition of .tm on the 
cathode within a reasonably short time. 

5.33. Ionic Equations 

On occasion the reaction between solutions of salts, such as sodium 
chloride and silver nitrate, are represented as: 

NaQ + AgNO, -> AgQ + NaNO^ 

This equation does not accurately represent the true situation since 
it implies that the dry salts react. For Regents examination purposes 
ionic equations should indicate the nature of the ions, the charge on 
the ions, the reactions possible and whether tlie reaction « reveiBible. 
Any obvious method indicating these factors is .acceptable, including 
the following: 
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(1) Na* + a- + Ag* + NO3- Na* + NOo- + AgQ i 

The AgQ is shown as un-ionlzed and as a precipitate which is es- 
.sentially correct. Most of the and CI" ions leave the solution, 

(2) 2Na* + CO- + 2H* r SO - H^O CO^ t + 

- 2Na* + SOr- 
The moderately soluble carbon dioxide is shown as leaving tlie solu- 
tion, and the reaction proceeds toward an end. 

(3) + OH- + H* + a- K* + OH- + H,0 
The relatively un-ionized water is here shown as un-ionized. If the 
slight ionization of water is to be represented a thinner (or shorter 
or dashed) arrow to the left should also be drawn. 

(4) 2Na+ + 2a- + Ba^ + 2IVO3- ^ 2Na+ + 2NO3- + 
Ba^ + 2a- 

The double arrow indicates that thj reaction is reversible. 

5.31. Electronic Equations 

The electrolysis of fused sodium chloride is often represented by 
the equation 

* elect. 

2Naa > 2IVa + 

The reactions involyed are more clearly understood when they are 
expressed as electronic equalions. One method of writing such equa- 
tions is: 

Reaction at the Cathode: 2Na"*' + 2e -> 2Na^ 
Reaction at the Anode: 20" — 2e 20° 
It is immediately obvious that, at the cathode, the sodium ion gains 
an electrqn and is. reduced. Similarly, at the anode, the chloride ion 
loses an ''electron and is oxidized. " 

' W 

Area 5 References 

SR-L An aid in the construction of titration graphs. JoumaKof Chemical Educa- 

tion, V. 26, No. 4: 188-Z91., April 1949 - 
5R-2. Quantitative analysis. The Science Teacher, v. 27, No. 3: 37-^. April 1960 

^ ' NOTES 



AREA 6 



Nuclear Energy - 
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6.01. Sources of Informalion 

Chemistry textbooks may not yet be adequate to guide all phases of 
this topic. One of the best basic references for teachers and pupils ^is 
Sourcebook on Atomic Energy by Samuel Glasstone, second ediUon, 
1958 This book, prepared under the direction of the Atomic Energy 
Commission, is published and distributed by D. Van Nostrand Com- 
pany, Inc. Also available <sS^ 'b^^ground material on the subject of 
radiation is Teaching with Radioiifotopes which may be obtained from 
the Superintendent of Documents, United States Government Printing 
OSiee, Washington 25, D.C., for 40#. The Physics Handbook and 
Nuclear Survival, piiblished by the Department, contain other appro- 
• priate activities. Excellent articles are available in well-khown encyclo- 
pedias. Detailed descriptions of the operation of Geiger counters and 
associated demonstrations may be found in the instruction manuals 
accompanying tlje commercially produced instruments. Additional refer- 
ences are furnished in the bibliog;aphy. 

The following references found-^t the end of this unit may be useful 
in assigning to pupils specific topics outlined in the sylhbus: 

(1) Accelerators {6R-1) 

(2) Nuclear reactors (6R-2-3-4)' 

(3) Radioisotopes (6R-5-6) \ 

(4) Fission and fusion {6R-7) 

(5) Civil Defense (6R.8) 



6.02. Radiation Safety 

The hazards of working with radioactive substances arp designated 
as internal or external. Internal h=:ards involve the substance entering 
the body usually by way of the moutli; external hazards include ex- 
posure of the body to radiations, from these substances. When the 
radioactive substances are in stoppered containers, the 'major hazard 
is from gamma radiation. 

[223] / • s 
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The amount of radioactive material -normally available to high 
schools is controlled by Federal regulations. Provided that sensible 
procedures are used, there is little danger involved in working with 
these small ai^^ounts. l^e same types of procedures must be used as 
are used in industry where larger amounts are available and greater 
danger exists. See appendix for further information on exposure 
permitted. 

The following rules of laboratory procedure for teachers and pupils 
should be established and enforced when woi^dng with radioisotopes. 
In event that more stringent procedures are mandated by locdf. State 
or Federal regulations, the more stringent procedures should be fol- 
lowed. * * * 

• NO e/iting, drinking, smoking or using of cosmetics should be 
allowed in the laboratory. The ingestion of long-lived isotopes is 
particularff serious. 

^: • NEVER pipette radioactive solutions by mouth. 

• Weae rubber, gloves and use tongs in moving containers. 

• Use the fume hood if materials are to be ground or if vaporisation 
may occur. 

• Wash the hands after working with the materials. 

• Monitor the hands, clothing and demonstration area with the 
Geiger counter after completion of cleanup operations. 

• Treat radioactive materials as strong acids and keep them covered 
whenever possifile. 

• Open bottles carefully to prevent spilling. 

• Treat all spills with large quantities of water and many rinses. 

• Work with unsealed radioisotopes in plastic or steel trays li!ied 
with blotters or paper towels. 

• Keep radioactive materials in a separate locked calSnet. Label 
them ^neatly by name ;and date of acquisition. If l^irge amounts 
are stored, line the cabinet with sheet lead obtained from a 
plumber's supply house. 

• Store glassware used with radioisotopes separately. 

• Protect the detection apparatus from contamination by a single 
layer of material similar to Saran Wrap. The sensitivity will'^)e 
only slightly decreased. 

^ Dispose of microcurie amounts of radioisotopes by diluting and 
flushing down the drain with large quantities of water. 

• Account for all radioactive materials received, used, disposed of 
/or stored. 
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6.03. Sources of Radioisotopes ^ 

Small quantities of radioisotopes may be available from local scien-^^ 
tific supply houses or from hospitals in metropolitan areas. Inquiri^ 
at hospitals or to members of scientific societiies may aid in locating a 
nearby source. 

A partial list of suppliers of application-exmpt quantities of iodlne- 
131, phosphorus-32 and carbon-14 appears in appendix C. Contact 

' the source of supply for information on quantities that may be pur- 
chased, price, method of shipment, special safety precautions, expected 
time of arnval and time to place order to ensure arrival on a specific 
"date. Since most available radioisotopes have a short half-life, the 

^ activities should* be performed soon after arrival of the shipment; 
Before ordering, check the school calendar and select as an arrival 
date one on which classes will not be eliminated or shortenied. It is 
desirable to schedule two "clear" days in event of the late arrivalx of 
the shipment. 

The following are examples of radioactive materials which can be 
used as sources of alpha particle, beta particles and gamma rays: 

• Alpha source — usually obtainable by^this name from scientific 
supply houses 

• fieto source— phosphorus-32 (usual , fon^^ NaHa.P'O^) , half-life 
of I4.3^days 

Beta and gemma sources— iodine-l^l (usual form rifal*), half- 
life of 8.08 days or iron-59 (u^tial form Fe'CU)* half-life of 45.1 
days 

Note: The asterisk indicates the radioactive atom in the compound. 

6.04, Handling of Unsealed Radioisotopes 

Radioisbwpes may be obtained in two forms, sealed and unsealed 
sources. latter form is used for experiments involving che;nical 
reactions. The unsealed source is in a vial in either |rt)wder or liquid 
form. The vial ( containing the usual quantity (10 microcuries) may 
appear to be empty upon receipt. However, the vial contains billions 
of radxuactive atoms. 

Monitor the container befojre unpacking. Unscrew the cap carefully 
to avoid spilling thesoiatedal. If the radioisotope is dry and is to be 
used in solution, a^d^a small e[uantity of distilled water to the vial 
to dissolve the matenal. Pour the liquid into a volumetric container. 
Wash the vial about five times with 4 to 5 ml. of distilled water frnm 
a wash bottle. El^pty the vial each time into the volumetric, container. 
Aftef these rinses relatively few radioactive atoms remain in the vial. 
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Dilute the radfoactive solution ' to the desired volume with d43tllled 
water. The concentration can^be expressed in microcuries per milliliter 
of solution (uc/ml,) . 

See activity 6.02 for additional instructions for handling radioactive 
substances. Obtain measured amounts of the solution by use of a 
pipette. CAUTION: Under NO circumstances should radioactive sub- 
stances be pipetted by mouth. Do not Use the **spit trc^^' method. 
Create the partial vacuum necessary to enable the solution to rise by 
means of a squeeze bulb or similar device (see diagram 6,04) . See the 
bibliography for additional details. 

Plunger 
on screw 

0 




Rubber 

squeeze 

bulb 



1 r 



6.0-4 

6.05. The Geiger Counter 

reasonable minimum of qualitative measurements may be made 
with many commercial Geiger counters or with the CD V-700 Radios 
logical Survey Meter, Geiger Counter, Beta-Gamma Discriminating, 
0-50 mr./hr. (see diagram 6.0^). The latter instrument, distributed 
to all secondary schools in 1958-59 through the OflSce of. Civil and 
Defense Mobilization, is suitable mainly {or locating fadioactive sources 
.and monitoring clothing and hands. Reasonably accurate quantitative 
wort requires the use of a count- rate meter which may be purchased 
from various supply houses. The manual accompanying each instru- 
ment is the best source of information for instructions on operating 
the particular instrument. ^ 

The follcvT-ing activities illustrate the correct use of some Geiger 
counters, their limitations, sources of error and proper interpretation 
of results. Consult the instruction manual for more complete details. 
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6.05 

'JStcellent advanced^ mathematical interpretations are available in the 
bihliography. 

, a. Operating Plateau of Variable Voltage Geigcr CounterB. 

Determine the operating plateau for the tube according to instnictiojis 
in the manual. This is the range of operating voltage for which the 
count rate is essentially constant. Operate the instrument at this voltage 
for further denK^nstrations. 

Note: The CD V-700 Radiological Survey Meter has a constant 
voltage. 

b. Background Count, Remove all known sources of radiation from 
the range of the counter- Record the counts each 10 seconds for 5 to 
10 minuj;es. Average the results. Determine the average counts per 
minute. Subtract this average from all future readings. The back- 
ground count is due to natural radioactivity, probably cosmic ri^m 
See activity 6.06. 

c. Dead Time and Coincidence Loss. Place a source ^ at a certain 
distance forom the tube; record the count. Remove source A and re- 
place trdth source B; record the count. Place sources A and B together; 
record the count. Note that the count rate for both sources together 
is less than the sum of the count 'rates for the individual sources. The 
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instrument requires a certain time tp "recover" from one count; in 
the meantime it "misses" some counts. 

d. Other Factors Affecting Count Rat^ In order to compare 
observations made wST the Geiger counter, each observation must 
be made with the sample in the same relative position with respect 
to the counter. This arrangement is known as the geometry of the 
system. Many factors control the count rate, including the following: 

(J) Distance from the source. If the source of radiation is fairly 
concentrated, the count rate varies inversely as the square of the dis- 
tance from the source. "For instance, at a distance of 6 cm. from the 
source, the count rate is % the rate at 3 cm, from the source. 

(2) Size of the window in the tube. Radiations from a source are 
, emitted in all directions. If a complete count of all radiations at a 

point 3.0 cm. from a source were desired, it would be necessary to 
move the window of the tube along the entire area of the surface of an 
^ imaginary sphere with a radius of 3.0 cm. The surface area of this 
sphere is 47rr^ 6r 367rcm.^ (approximately 110 cni.^). The area of the 
window of the tube is approximately 2 cm^. Therefore, if the tube were 
held 3.0 cm. from the source, the counter in this position would 
register only 2/110 (approximately 2 percent) of the total counts pro- 
vided that the efiBciency of the tube were 100 percent, 

(3) Scattering. Sovie radiations which are not traveling initially 
toward the window of the tube may be reflected from some nearby 
substances and pass through the window. This effect would increase 
the count rate. If 'the geometry of the system is identical for each 
observation, the proportion of radiations scatter edT may be assumed 
to be constant. 

(4) Self-absorption. Some radiations (particularly low-energy beta 
particles) emitted from within a "thick" sample or a solution may be 
absorbed within the sample or solution. This self-absorption decreases 
the count. Generally, liquids containing radioactive materials must be 
almost completely evaporated by use of a heat lamp before counting is 
done. Sometimes the solution concentrated by evaporation is placed 
into a bottle cap planchet before the observation is ma^P* The evapora- 
tion of mbst of the liquid decreases self-absorption. ^ 

e. Difference in Counting Between Beta and Gamma Rays. 
Particularly for low couht rates, the Geiger counter is almost 100 
percent eflBcient in counting beta rays. The efiBciency in counting 
gamma rays is Only about 2 percent* 

6.00. Statistical Nature of Countii^^^^ ^ 

Most measurements of nudear phenpnema are statistical in nature. 
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The determination of the random nature of cosmic ray observations 
in activity 6.056 i^ a partial illustratiori. 

Assume that the number of counts for each of sixty 5-second in- 
tervals was recorded by a series of tallies after the numbers repr^ 
senting the number of counts per interval. The tally sheet might appear 
as follows^ * 

Counts/l nerval Inkrvals ??Counte/lnherval Inhervals 

0 I ' Vi . 5 * //// 

1 ^ mi ; , ^ // 

2 mm/// "^^ ^' 
5 , mm m// ; . : 8 / 
4- mm/// '-i 9 ^ / ; 

For instance, according to this tally sheet, there were six intervals 
during which only one count was recorded. The most probable number . 
of counts per int^al is three. The total number of counts recorded 
is die sum of the individual products ol counts/interval and interval. 
By dividing the" total number of counts (198) by the number of 5- 
second intervals (60), one ^obtains the average number of counts per 
interval. In this case, it is 3.3. This corresponds to about ,40 jcounts, 
per niiinute. 

Then, to illustrate that reliability is only obtained in such measure- 
ments by use of a large enough data sample, th^e number of pulses 
in a minute can actually be^ counted several tijnes. It is seen that these 
results Are much more consistent than the counts obtained in the small 
5-second intervals. 

» • - ^ 1 

6.07. Locating Radioactive Substatatc^s 

Pupils are usually * interested in locating sources of radioactivity by 
use of the Geiger counter. For variation, hide some samples and locate 
l^hem with the instrument. Positive results may be obtained by monitor- 
ing the following. 

a. Luminous PainL This paint is usually of two types. One type 
contains a phospliorescent material, requires strong light to be luminous 
and is not radioactive. The other contains a trace of radium (about- 
one microcurie) plus a fluorescent material and does- not depend upon 
exposure to light. The latter type is used on many watches and clocks 
as well as the instrument dials on some siirplus equipment. Large 
clocks may have a 3—5 microcurie source. Remove the face glass to 
allow more beta particles to Teach the- detector. Improved performance 
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results if some material is scraped from the clock, placed in a porcelain 
crucible and heated to red heat for several minutes to burn out organic 
binders. CAUTION: Use the hood.^ 

b. Glazes. Bright orange and black glazes for pottery may contain 
oxides of uranium. Some types of laboratory spot plates and crucibles 
are finished in this black glaze (strength about 2 x K^ff microcuries/ 
cm.^) to make small traces of white precipitates more visible. Orange 
plates and cups are possible sources. 

Glasses. Glass of a pale yellow-green hue ("uranium glass") used 
for Geissler tubes found in the -physics laboratory is a good source. 

d. Radioactive Ores. Pitchblende, carnotite and monazite sand 
(contains tho;rium) may be used. They are obtained from scientific 
supply house^s. ^ ^ ^ - 

^ e. School Rock Collection. Local rocks are possible sources. 

fi Gas Mantles. Portable camp lanterns (available at hardware 
stores at low cost), may be used. They contain crude lanthanide* oxides 
(nonradioactive) contaminated with thorium (radioactive) . 
* g. Uranium Compounds. These may be purchased from scientific 
supply houses without special license. Uranyl nitrate,'U02(N03)2*6H30, 
•*and*uranyl zinc acetate are v^ater-soluble and cost about. $3 per. ounce. 

h. Radioactive Standards. These are used to calibrate 'detection 
instruments and are available in scientific supply houses. 

■. . . .7 . ^ ^ 

6.08. Calibrating Radioactive Sources 

a. Tlie strength of a radioactive ^fe^jirce decreases with time. P^r 
instance, I"^ has a half-life of about 8 d^s. A 10-uc. sample of P^ 
will be 5 uo. in 8 days, 2.5 uc. in 16 days and so on. It is often 
necessary to compute the. level of radioactivity of a radioactive sample 
each time it is used. This is especially true when the half-life^df the 
isotope is very short. 

The following table will simplify calculations of new strength or 
original strengt}i for any isotope with a known half-life. 

Some sample calculations, making use of the table are given below: 

(1) The half -life of Na'^ is 25 hours. What will be the activity of a 
10.0'Uc. sample of Na'* after 6 hours? 

6 hours- = 6/15 halMife = 0.4 half-life 

The table indicates 75.9 percent will remain after 0.4 halMife. 
' In 6 hours, the activity will be 0.759 x 10.0 uc. or 7.59 uc. 

(2) A sample of Na^* has a count rate of 1,000 counts per minute 
at noon. Under the same conditions what would its count rate 
have been at 9:00 a.m.? ' ^ 
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Time Expressed a 
Fraction of Half L 


IFE 


Fraction of Original 
Activity Remaining 


"Reciprocal 
Activity. 


0.05 / 




0.965 


1.035 


0.10 / 




^" . 0^33 


1.072 


0.15 


0.900 


1.109 


0.20 


0.870 


1.149 


' 0.25 


0.841 


1.188 




0.811 


1.231 


0.35 


0.784 


1:275 * 


.0.40 




C.?bV 


1.318 


0.45 




0.732 


1.365 


~~ 




0..706 


1.415 


0^5 * 


0.684 


. 1-464 ' 


0.60 • 




• 0,660 


1:S15 


0.65 




0.637 


1,570 


0.70 




.O.ftl6 


1.624 


0.75 


0.595 


1.682 


0.80 , 


0.574 


, 1.741 


0.85 




0.554 


1,802 


0.90 


0.535 


1.866 ^ 


0.95 


0.516 


1,933 


1.00 


0.500 


2.oor 


1.2 


0.435 


2.298 . 


1.4 


0.379 


2.641 


1.6 


0.330 


3.034 


1.8 


0.287 


3.890 


2.0 


0.250^ 


4.000 


3,0 




0.125 


8.000. 


4.0 




0.062 * 


1; 16.000 ■ 



Time is 3 hours 3/15 Jialf-^--^^ =^ ^"^-2 hali-W^. 
The Reciprocal for 0.2 halMife is 1.149. 

The count at 9:00 a.ixi. would have been 1'.149 x 1,000 counts/min. 
or 1,149 counts/min. . V 

b. The following table for only gives the approximate percentage 
remaining up to 32 days after calibration. The calculations are Lascd 
on the approximate halMife of 8.0 days'for 
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• I0DINE-.131 DECAY CHART 



Hours 


, Percentage Remaining 


Days 


Percentage Remaining 


1 


99.6 


1 


91.7 


2 


99.3 


2 


84.1 


3 ' 


99,0 


3 


77.1 


4 


98.6 


. 4 


70.7 


5 


98.2 . 


* . 5 . 


. 64.9 


6 


97.9'* 


6 


. 59.4 


: T 


.^97.5 


7 


54.6 




97.2 


8 


50.0 


9 


96.8 


9 


45.9 


10 


• 96.5 


10 


42.1 


.11 


96.1 


11 


38.6 


12 


" 95.8 


12 


3^.3 


13 


95.4 . ^ 


13 


32.5* 


14 


95.1 


. 14 


29.8 


is- 


94.7 


. 15 


27.3 


le 


94.3 


16 


25.0 


17 


94.0 


17 


23.0 


18 


93.7 


18 


21.0 


19 


93.4 


19 


19.3 


. 20 • 


93.0^ 


20 


17.7 


21 


92.7 . 


21 


16.2 


22 


92.4 


22 


14^ 


23 


92.0 


23 


a3.7 


"^24 


91.7 


24 


12.5 






25 


11.5 " 






26 


10^ 






27 


9.6 






28 


'—8.9 , 




« • 


-29 


8.1 






• 30 


7.4 






31 


6.8 




0 


32 


6.3 



A sample caldflation vising this table is shown. 

A sample of P'^ calibn^teiat 10.0 ue. for 9:00 a.m. Mdnday camiot 
be used at thaf time because the school has been closed. What will 
be the-str.ength at 9:00 a.m. Wednesday? o 
' 0.841 X 10.0 'iic^ = 8.41 uc. 
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6.09. Separating EmAnations ^ ^ 

Positive alpha particles, negative Beta particles and gamn^a rays 
(no. charge) may be separated by passing them between charged 
' plates. The alpha particles ctend to move toward the negative plate, 
the beta particles tend to move t6ward the positive plate; the, gamma 
rays are unaffected. Details are found in physics texts and the Physics 
Handbook. 

These emanations may also be separated on the basis of iheir pene- 
trating power. Note: Demonstration 6.09a may not give s^tactory- ' 
results with all electroscopes. 

a. Charge a simple foil leaf electroscope. Note the rate at which it 
discharges. Recharge the electroscope. Bring \a known alpha source 
near the knob. Note that.the rate of discharge increases. . 

Bnng the same alpha source near- the Geiger tube with the shield 
open. No noticeabk/change occurs in the count rate since ^Ipha par* 
tides cannot penetrate the walls •of the usu{il Geiger tube. 

6. Bring a Hnown beta-gamma Source near the Geiger tube with the 
shield open. Record the count rate. Qose the shield and record the 
count .rate. The difference in count rate is due to the beta radiation 
which cannot penetrate tlie shield. Only about one percent of the 
gamma radiation passing through the tube causes impulses. Therefore, 
the count rate recorded for a gamma source represents only a small 
percentage of the actual gamma radiation. 

6.10. Effect of Chemical Change on Radioactivity 

One of the most basic concepts in introductorf nuclear chemistry is 
the effect, if. any, of chemical change on radioactive substances. 

a. To each of two 50-ml. Exlenmeyer flasks add 5 ml. of 2N Nal 
solution. Monitor each container to show that it is free of radipactivity. 
To one flask add 5 microcuries of radioactive P" in a solution of 
Nal*. Check the radioactive solution with the Geiger counter. Prepare 
•a saturated solution of Pb(N0a)2 and 'show that it is free from radio- 
activity. 

Add 20 ml. of saturated Pb(N03)2 solution to each flask. Mix 
thoroughlyi^using glass rods, and let the contents settle for 20 minutes. 
Test the supernatant liquid with one drop of PbCNOa)^ solution to 
see if the reaction has been completed. After complete precipitation 
and settling, decant the liquid in each container through filter paper 
into separate containers. Test each precipitate and filtrate with the 
Geiger counter. Each yeUow precipitate appears the same. However, 
the radioactive in the original Nal* Solution has now become 
associated with the precipitate of Pblj. Note: The solubility product 
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constant (K.p) of Pbia at 25^C. is 1.39 x lU"**. Actually a small amount^ 
of I*"* is present but may' not be detected hf the Geiger counter 

a '(relate io activity 9.08). 

Radioactive Fe^° has a half-life o5 45 Ji days and therefore has a 
longer "shelf life" than either or P^^? If more convenient, follow 

* the same procedures as In activity 6.100, but use FeQa solution, radio- 
active Fe°° in a solution of Fe*C33, and NaOH. The precipitate »will 
be Fe(0H)3 containing some Fe*(0H)3. Note: Only 1 uc. of ' Fe*» 
may be obtained unsealed. 

c. Place 5 uc, of radioactive P^^ in Nal* solution in a pill bottle. 
Cap the bottle with a polyethylene snap lid. Check the counts per 
minute with the Geiger counter. 

Place into a 2SiO-nil. beaker 5 ml. of 2N Nal solution and the 5 uc. 
of the P" solution (Nal»). Add I gm. of MnO^ and 10 ml. of con- 
centrated H2SO4. Cover the beaker with an evaporating dish half full 
of cool water. CAUTION: Use the hood. Heat the beaker gently, .until 
the violet color disappears. Let the container cool. Note*" that this is 
an adaptation of the" laboratory preparation of iodine illustrated in 
diagram 4.37a. 

. Wash the pill bottle and check for background count. Scrape the 
crystals of iodine from the underside of the evaporating dish into the 
pijl bottle. Do not touch the iodine crystals with the fingers. Cap the 
bottle and check with the Geiger counter. Note that P^^ is radioactive 
whether combined in Nal or free. The chemical change involved the 
outer electrons only and not the nuclei of the radioisotope. In this 
reaction, all the iodide may not have been oxidized or some free iodine 
may remain on the sides of the beaker. Monitor the* reactants or the- 
beaker if this condition is to be illustrated. 

6«11. Radioautographs ^ • 

Place a coleus cutting in a solution containing 10 uc. of phosphorus- 
32 for about 2 to 4^ days. After a significant increase in beta radiation 
is detected in the leaves, by use of a Geiger counter, a radioautograph 
may be made. Wrdp the leaves with a single layer of Saran Wrap. 
Lay the leaves bn X-ray film»in a film holder. Expose overnight and 
develop the film. As experimeiitation will indicate, the necessary time 
of exposure increases as the strength of the radioisotope in the leaves 
decreases. 

6.12. Equations of Nuclear Reactions 

Nuclear reactions resulting from particles entering or leaving the 
nucleus may be represented on a felt board or on an overhead projector 
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with the aid of plastic cutouts. Refer pupils to some form of the periodic 
table to enable them to follow ll^ changes that occur. 

The /^e/erertce Tables for Chemistry sho.uld be available to pupb, 
Pupik will be expected to complete and balance many types of equa- 
tions of nuclear reactions with the aid of information on the* second 
and third pages of the tables (see pages 334-335)- Pertinent portions 
are "Periodic' Table of the Elements"^ and "Symbols of Some Particles." 
In addition, the follo\Hng rules will be of considerable assistance: 

(1) Alpha particle emission results in a new element with the atomic 
number decreased by two and the mass number decreased by 
four. 

' (2) Negative beta particle emission results in a ^new element with 
the atomic number increased by one, 

(3) On each side of the equation the sum of the atomic numbers ^ 
(or charges in cases such as beta emission) is the same, 

(4) On each side of the equation the sum of the mass numbers 
is the same. 

Following are illustrative examples of equations of nuclear reactions 
which need not be memorized but which can be written using the 
reference sources and rules cited above. The expjanation of the rea- 
soning is included for some examples. 

PROBLEM: Write the equation for alpha emission by radium***:^ 

ANSWER: 08Ra==« ^Hc* + ooRn'=^ 

EXPLANATION: ooRa==° (.See periodic table for atomic number and 
mass) 

^ ^ gHe* (See "Symbols of Some Particles") 

86 (See rules 1 and 3) 

Rn (See periodic table for atomic number 86) 

222 (See rules 1 and 4) 
PROBLEM: ^ Write the equation for beta ' emission of lead:210. 
ANSWER: • ^.Pb^^' -le^ + aaBi^^^ 

EXPLANATION: Lead (See periodic table for atomic number and 
mass) 

Beta particle (See "Symbol«i of Some Particles") 

Atomic number 83 (See rules 2 and 3) 

Bi (See periodic table for atomic number 83) 

PROBLEM: Nitrogen may be transmuted by bombardment with 

W alpha particles. Complete the equation: 

^ gHe* oO^^ + some particle 
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ANSWER: + ^He* oO"''+ xH^ 

EXPLANATION: Atomic number 1 (See rule 3) 
Ma£3 number 1 (See rule 4) 
H (See periodic table for atomic number 1) 

PROBLEM: Complete the foUowinQ equations- 

alpha particle ^ beryllium^ qarboji" -f some 
' particle, 

ANSWER: ' aHe* + .Be^ -> oO= + on^ 

6.13. Detertnination of Half-Life 

a. Graphing. A rougb approximation of 'the halMife of a short- 
lived radioisotope is possible as a teacher demonstration. Place the 
probp of ther Geiger counter at some convenient distance for a source 
eo that the count rate is high but on scale. Disregard the background 
count cilice it introduces a very small error. Record the count rate 
arid time of observation. Repeat this procedure £ft convenient intervals 
for slightly more timh than the kno^vn half-life of the source/ Each 
time keep the probe the same distance from the source. 

Plot these data on graph paper with time represented on the abscissa 
ind counts per minute represented on the ordinate. 

Draw a smooth curve through or near the points. If the count rate 
is high, use semilog, paper with counts per minute plotted on the 
ordinate. In this case the curve is , essential!/ a straight line. 

Determine the point on the curve %vhere the counts per minute 
is one-half the initial reading. The corresponding time is lhe,halMife. 

6. Mathematical Applications. 

(1) Graph the equation, y = 2"* = This curve is similar ^to 
the actual half-life curve. 

When X = 0, y = 1; when x == 1, y == ^/^ and so on. 

(2) One form of the equation of exponential decay is An = 

• where Ao is the original activity, n is the number of half-life intervals, 
and An is the activity after n halMife intervals. The half-life of Na^* 
is 15 hours. Compute the activity of 10 ufc. of Na"* after 30 hours, 
n = 2 half-lives 

A» = 2.5 uc. (Compare w|th the results obtained by using 

the table in activity 6.08a.) 
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(3) Another form of the equation of exponential decay is = 

where Mo is the origihal mass. . o loo 

Th^ halMife of ruthenium-lOe is 1.0 years. How much Ru^«° remains 

of an original 80-gm. sample of Ru"° after 4.0 years? 

n = 4;half-lives ^ • 

iVin , 2* 16 

(4) -hie .half. life of thalUum-204 is 1.0 years. A sample of Tl=°* 
weighs 10 gm. What was the probable weight of the Tl^«* l^vo years 
ago? 

n = 2 half-lives ^ 

• Mo 
10 gm. = 

Mo = 46 gm. 

c. Advanced Mathematical Application. > 
If pupils are adept at handUng mathematics, a more quantitative 
treatment is possible. 

One form of the ejiuation for exponential decay is 
N = Noe ''^^^^\a -where No = initial count rate 

N = count rate ai a later time 
t ' = time between readings 
t.. = half -life. 

In N = In No— .693 

In N In No = .693^ 

\ 

Note: In is the natural logarithm. 
^ — .693t 
lo N — hi No 

The actual data recorded in an experiment with were: 
No = 5,900 counts per minute 
N = 3,500 counts per minute 
t = 168 hours (one week) 

Using these'Mata and the equation above compute Bthe half -life of I. 

The calculations follow: 

-116 

^ -(.693) (168) = In 3;5oo « / . 

In 3,500 — In 5,900 5^950 

_ -116 ^ -11^ , = 223 hours. 
In .594 -.521 
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By using 193 hours as the accepted half^ife for. I"^ the percentage 

223 — 193 * 
of error for this example is — '"^ 15.5 percent This enor is 

due largely to failure to correct for resolution ("dead time")., Note 
also that, if a lower coiyit rate had been used, the background count 
• ^vould have been signiiicant. For details on these corrections see 
Teaching with Radioisotopes, particularly the discussion of 'TThe Mathe- 
matics of Exponential Decay" and the two experiments that follow. 

6.14. Equivalence of Mass and Energy 

Teachers may wish to use the Einstein equation to illustrate the 
equivalence of mass and energy ^as it applies to various chemical and 
nuclear reactions'. 

a. According to the law of conservation of mass, mass is conserved 
in ordinary chemical reactions. Ho^vever, / the Einstein equation indi- 
cates that, if heat and energy iV evolved, sotne mass must have been lost. 
To illustrate why this loss of mass has rnji teen detected, compute the 
loss of mass involved in burning 100.0 of hydrogen in oxygen to^ 
form water vapor. The heat released about 2,867,000 calories or 
about 12,000,0^0 joules (1 calorie = 4.18 joules.) 
The Einstein equation is; ^ " 



E = mc° where E may be^expressed injoufe, m in kilograms and c 
(the velocity of light) in meters/second. ^ 

m (kilograms) = 12 X IQ^ joules 

(3.0 X 10° m./sec.)^ 
= 1.3 X IQr^^ kilograms, 
or 1.3 X 10-^ grams. 
The result indicates th^t^-approximately 1.3 x 10"^ gm. of mass were 
converted to energy wji^n about 900 gm. of water vapor were formed. 
This represents a lo^ of about 13 parts per billion which cannot be 
detected by the ipost sensitive balance we have today. 

b. CalculateiKe loss in mass during a nuclear reaction which liberates 
'energy eqmValent to that from^e explosion of one million tons of 
T.N.T. The heat of combustion of T.N.T. is 3,613 calories per gram. 

Ma^s of T.N.T. = 10° tOns X 9.07 X 10° SL- 

tons 

9.07 X 10" gm. 

Energy from T.N.T. = 9.07 X 10" gml X 3.61 X 10° ^'^"^ 

gm. 

= 3.27 X 10^^, calories 
= 1.37 X 10^0 joules (since 4.18 joules = 
1 calorie) 

o 
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From activity 6.14a 

. _ 1.37x10^^ joules 
m(kg.} ^ ^g^Q ^ 10»m./sec.)2 

_ 1.37 X 10^" 
9.00 X 10'^ 
= .151 kg. 
or 151 grams. 
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Helium 
Nucleui 




4.002d A/nu. 



2\prof-ons 
cu^rons 



4,0331 A.m.U. 



6J4 



6-15. Binding Energy 

Confusion sometimes arises when the term ^binding energy is intro- 
duced into a discussion of nuclear reactionfir. Care must be taken to be 
sure the pupils understand the difference between force and> energy. 
Point out that "binding energ^; Ts not a force but the worlc that would 
be required to separate a McleuriftU^ individual nucleons. When using 
the term binding, eti^^^y, it is also riecessary to distinguish "binding 
energy per nugjfeus" from "binding energy per niicleon." Point out 
the di£Fere)OLCe''to the pupils. 

From empirical data (such as mass spectrograph measurements) we 
know that the mass of any atomic nucleus is always less than the sum 
of the masses of protons and neutrons composing it. This difference, 
or loss, in mass ^f the nucleus \s called the mass defect. By use of 
Einstein's equation, E ^ mcr, it is possible to calculate how ■ much 
energy is equivalent to any particular mass defect. When this mass 
defect is stated in terms of its equivalent energy (one atomic mass 
unit = 931 million electron volts), it is called the binding energy. 
When any nucleus was originally formed from neutrons and protons, 
the energy released was equal in amount to the mass defect. 
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A rough analogy can be made to the release of energy (heat) when 
-^hydrogen and fluorine combine. Therefore; one should think of binding 
>ene|gf as energy which has been released, not as energy possessed by 
the nucleus. To carry the analogy further, when hydrogen fluoride is 
separated into the elements, hydrogen and fluorine, energy is required 
from outside. This is also ' true in the case of a nuclear reaction. In 
order to "break up"- a nucleus into its constituent particles, the energy 
formerly released must be returned. This energy is referred to as 
"binding energy." 

In order to explain fission and fusion reactions, it is necessary to 
use the binding energy per nucleon. Because of the geometrical con- 
figurations of the nucteons within a nucleus, the bjnding energy per 
nucleon yaries froinatom to atom (see diagram 6.15). 
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Following is a table showing the calculations for the binding energy 
per nucleon for some isotopes. Results will vary slightly depending 
upoif^e reference sources. 
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Isotope 


{A.M.U.) 


NIass 

OF 

T i\rn rvTT>TT A I. 

Particles 
(a.m.u.) 


Mass 
Defect 
(a.m.u.) 


Mass 
Defect 
Per 

NUCLEON 

(a.m*u.) 


Bending 
Energy 
Per 

NuCLEON 

(Mev.)* 


Proton 


1.0081 










Neutron . 


1.0090 














2.0171 


. 0024 


.0012 


1.12 






4 0342 


.0303 


.0076 


7.08 






6 . 0513 


. 0344 


.0057 


5.31 


T i1 


7 ni 89 


7.0603 


.0421 


.0060 


5.59 






9 . 0774 


.0623 


.0069 


6.42 




1 Q QQfi7 


20. 1709 


. 1722 


. .0086 


8.01 


in 




40.3418 


.3665 


.0092 


8. '57 




00 . \fOoo 


fifi 4812 


.5279 


.0094 


8.75 


iaKr»« 


QQ QQQ 


84.723 


.784 


.0093 


8.66 


4iMo^o« 


99.939 


100.861 


.922 


.0092 


8.56 




138.955 


140.198 


1.243 


.0089 


8.29 




238.125 


240.056 


1.931 


.0081 


7.54 



♦ 1 a.m.u. = 931 million electron volts (Mev.). 



The nuclei of the lightest and heaviest' elements have relatively low 
binding energies per nucleon, whAe the nuclei of those elements near 
the center of the periodic chart (4ron and so on) have the great^t 
binding energy per nucleon. This means that iron has a more stable 
nucleus than heHum or lead: Note: The total binding 'energy in a 
nucleus of lead is greater than the total binding energy in a nucleus 
of iron, even though the binding energy per nucUon is less in lead. 

The release of energy by both fission of heavy elements and by 
fusion of light elements is explained by using the concept of binding 

9/1 9 
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energy per nucleon. When two light. nuclei fuse into a heavier nucleus, 
a more stable configuration of nucleons is reached. The binding energy 
per nucleon is greater, because this difierence in energy has been 
released. (Binding energy is the energy released when nuclei form 
a more stable configuration.) When a heavy element fissions, the 
newly created elements also have more stable configuration. Tlie bind- 
ing energy per nucleon is again^' greater, because this difference in 
energy hasjbeen released. 

In nuclear reactions then, the mass converted to energy is not due 
to the annihilation of any particle. It is due to the loss in mass of 
each nucleon as it is rearraxiged to form a more stable nucleus. 

6. 16* Qoud Chambers ' ^ ' - 

The cloud chamber gives dramatic, visual evidence of radioactivity 
and^ readily stimulates class discussion. Goud tracks due to radio* 
activity are most reliably demonstrated in a pulsc-tjqpe chamber. 
Although diffusion chambers can be balky and do not make sure-fire 
demonstrations^ they can be made in a few minutes from simple mate- 
rials and are worth some patient experimenta.tion. 

a. Principle of Qond Fdrmation. The principle of cloud formation 
can be demonstrated without the use of a radioactive source. Use a 
commercial apparatus or set up a flask of any convenient size accojd- 
ing to diagram 6.16a. Use a flask with a capacity three to four times 
that of the rubber bulb. Squeeze the bulb slowly to compress Jthe air 
above the water and hold for several seconds to permit thp heat of 
compression to dissipate. Release suddenly and a fog or cloiid will 
form due to the cooling effect of an expanding gas. The air which 
was saturated with water vapor at room temperature is suddenly cooled 
and can no longer hold so much vapor. The excess precipitates out 
as minute droplets of water. , 

This procedure may be 'repeated many times, but eventually the air 
will become cleaned of dust particles and ions that, act' as nuclei for 
the precipitation process, and no cloud will form on expansion. Instead, 
the air momentarily retains all the water vapor in a supersaturated 
solution. To observe this effect, allow the apparatjjs to stand for a day 
or two. If some smoke particles from a match 'are admitted through 
the side tube, excellent cloud formation will again be noted. If the 
air admitted into the apparatus is filtered through a tube packed with 
dry cotton no cloud will form. Store the apparatus for future use. See 
also Physics Hathdhook, activities 2.37 and 6.19. 

b, Pulse-Type Chambers. These cloud chambers operate on the 
principle desa*ibed in activity 6.15a. Special precautions are taken to 
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-Waler plus 
India ink 



Rubber iubinq 
and clamp 



AdmU smoke 



^Enlarqcd <?nd oF qlass' 

Rubber bulb Filled 
wil-h wal-er 



6.16a 

exclude dust and iOns, in order to create the supersaturated condition. 
If a cosmic, alpha, beta or .gamma ray passes through the aif, it wUl 
strip electrons from air molecules, leaving a trail of ions in ite path 
along which water droplets wiU condense. The shape, length and density 
of the track depend ^pon the type of rSy and its energy. If a above 
is operated' just at the instant a cosmic ray passes through the appara- 
tus a track will be evident. Usually, a smaU amount of radioactive 
substanida is inserted into the air space instead. Since flust particles 
normollyVbear a static charger they and any unwanted ions are at- 
' traded to the sides by positive .and negative plates. 
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c. DiffuBioti Types. These xJiambers operate by allowing air 
saturated with alcohol vapors to sink to colder regions in du^-free air. 
In a certain region where supersaturation occurs, tracks will become 
visible. Unlike the pulse type, these tracks are constantly visible. Good 
commercial instruments are available, but interested pupils may wish 
to make their own chambers. ^ * 

Place rubbing alcohol mixed ^wi{h a few Srops of India ink or 
indophenol in a shallow metal pan (see diagram 6,16c). (Any kind 
of alcohol or alcohoWater mixture is usable.) 

Fasten an alpha source to a piece of cork. A small chip of raidio* 
active luminous paint may be used if it has been heated red hot in 
a crucible, cooled and attached to a pin head with a thin film ol clear 
cement. Place the source so that it remains about 1 cm. above the 
surface of the. alcohol. 



Flashlighh 



Tracks 
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Stoin a rectangle of blotting paper with. India ink. Invert a clean, 
dry 400- or 500-ml. beaker with the blotting paper inside over the 

'^pfi the 4tal pan on a block of dry ice. CAUTION: DO NOT 
have any glows', wood or other insulators between the dry ice awl the 
pan If "dry ice snoV?" made with commercial apparatus is used, mix 
the snow with a small ampunt of acetone. Allow '.the apparatus to cool^ 
15 to- 30 minutes until a temperature equUibrium is established. 

Induce a static electric charge on a piece of sheet plastic by '"bbing 
it with a cloth. Touch the plastic several times to the top of the beaker. 
This will clear the air space of unwanted ions. „ ui- u 

'Illuminate the side of the container with a spotlight or HasWight 
■as shoWn. Observe the tracks near the source. 

Area 6 |teferences 
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m-2 Nuclear reactors in the United States, Journal of Chemical Education, v. - 
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Lost and gone forever. Journal of Chemical Education, v. 32. No.-5 : 275. 
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Organic Chemistry 

7.01. Introduction to Organic Chemigtry 

The topic of organic chemistry should be one of the most interesting 
and stimulating of the various areas taught in the high school chemis- 
try course. The opportunity to bring the subject matter very close to 
the ev«rvday lives of the pupils and to provide material which chal- 
lenges the imagination and resourcefulness of virtually all pupils is 
quite apparent. Since the turn of the ceiitury n**o.ther field of knowJ- ' 
edge has contributed more to the material welfare, and economy of the 
Nation than has the field of.^istry; the major portion of this con- 
tribution has been in the area tfl^ organic chemistry. 

The term "organic," as it is now used in its chemical sense, should 
be clearly defined and well underslUd by the pupils at the outset of 
the unit of study. In this connection, a^discussion of the experimentation _ 
of Friedrich Wohler (1828), in which he converted ammonium oyanate, 
a substance not of living origin, into urea, which had previously been 
associated only with living cells, will help to point out the need for 
broadening the definition of the term from its original meaning. During 
recent years the discovery and synthesis of compounds in wh^i atoms 
of silicon assume a position in various compounds formerly occupied 
only by carbon atoms have further broadened the scope and variety 
of organic syndesis. Such compounds, commonly referred, to as sili- 
cones, possess a number of unique properties which make them useful 
in a great diversity of commercial products, including, for example, 
waterproofing materials, waxes, nonreactive and high boiling point 
lubricants, and electrical insulators. 

The subject of covale.it bonding, which has been discussed earlier 
L" the course, is particularly well illustrated as this area of organic 
chemistry is developed. Pupils will be impressed not only by a com- 
parison of the relative numbers of organic and inorganic compounds 
(approximately 600,000 to 30,000), but also by the fact that virtually 
aU new chemical compounds discovered can be classified as organic 
compounds (an average of at least 30,000 per year). • . 

[247] 
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The question* of why there are so many organjic compounds and p 
why the number continues to grow so rapidly will imake an excellent 
starting point for the teaching of organic chemistry; In such a discus- 
sion, review the principle of covalent bonding and point out the rather 
unique behavior of carbon atoms in sharing one, two or thre4 electrons 
with other carbon atoms in virti^y unlimited numbeis and patterns. 
IJus preliminary discussion should focus primarily on the various 
types of hydrocarbon molecules. The substitution of other elements 
(such as the halogensfand functional groups (such as CHa) for hydro- ' 
gen contributes further to the endless variety of compounds. 

Considerable attention and time ^vill be devoted to the study of 
hydrocarbons in any discussion of organic chemistry, not only because 
there are a great many familiar and very useful compounds in this 
group, but also because many of the important fundamental principles 
involved in the formation of organic compounds are well illustrated 
by this group. Actually, all other types of organic compounds can be 
considered structurally as substituents of the hydrocarbon molecule. A' 
complete class discussion of hydrocarbons is desirable at this point. 

7.02. The Tetrahedral Carbon Atom 

Establish the concept of the three-dimensional molecule at the outset 
of the discussion in tliis area ; reemphasize continuously throughout, the 
unit. Various commercial molecule building sets are available to illus- 
trate this concept, many of which allow excellent spatial visualization 
(see appendix 5-2) . 

Since these sets tend to be rather expensive, many teachers^jj^a^t^ 
prefer to build their own molecular models from the slyrofpam spheres - Vr^ 
which are readily available. Water base paints can be used effectively 
in coloring these spheres either by dipping or spraying. The use of ' 
certain types of paints and Ibeq^is is not advised because the styro- 
foam may ijr^^dig^ved by^fome of the solvents uged in^such paints. 
Short pieces of quai^^indf dowel or plastic sod/ straws used to repre- 
sent the bonds betw^n various atoms will emphasize the fact that 
eack bond actually represents a pair of shared electrons. Permanent 
molecular models can be prepared by cementing the dowels in place 
in' the holes in which they are inserted into the spheres. A very satis- 
factory cement for IMS purpose can be prepared by dissolving styro- 
foam, which has been broken up into small pieces, in xylene using 
suflficient styrofoam to make a fairly viscous fluid. Since the methane 
molecule is fundamental to all subsequent discussion it would ccnainiy 
be worthwhile to construct a fairly accurate representation of this 
, molecule, particu^xly with respect to bond angles. Note: It is not 
advisable to spend large portions of class time in constructing models 
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. . nor to require pupils to spend excessive time out of school in their 
production. 

7.03. The Principle of Isomerism 

Probably the simplest approach to this extremely important and 
fundamental concept' is examining various possible structures of a 
molecule such as dichloromethane (CH2CI2). 

If the possibUity of a two-dimensional molecule in the form ol a . 
Efluare is accepted (as often diagramed on paper or on the black- 
board), there will be only two possible structures for this molecule. 
Since these two structures are different from each other, they would 
represent isomers of this compound. , . u 

If molecular models of dichloromethane are constructe4 m the 
tfetrahedral form, the two models, which at first appear quite different 
from each other, will be found to be identical when the position of 
one of the molecules is changed. Since only one isomer of dichloro- 
methane has actually been identified, this fflustration would support 
&e concept of the tetrahedral arrangement. In this arrangement all 
the hydrogen atoms, or atoms substituted for them; are the same dis- 
tance from each other. , • , . ic 
Some common isomers are found among members of the paraflin 
' " (methane) series. In normal teptane (n-heptane) the seven carbon 
. atoms are arranged in a chain with the 16 hydrogen atoms on- either 
. / side of the carbon atoms and on the ends of the chain. In an isomer 
: of heptane five carbon atoms are arranged in a cham while ^™ °*er 
. carbon atoms with attached hydrogen atoms (methyl groupsj branch 
from the chain. The structural"^ nomenclature, 2, 2-dimethylpentane, 
indicates that two methyl groups (CH3) are located on the second 
carbon atom from the right (as shown below). See references 7R1-2. 




n-h<^p^ane 



Isomer oF h(^p^ane 
' 2,2-Dime^hylpen^ane 

7.04. Preparation of Methane > 

TEACHER DEMONSTRATION ONLY: Using a setup identical to 
that for the laboratory preparation of oxygen by heating a chlorate, 
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mix 5 gm. of anliydrous codium acelale mid 10 gm. of soda lime 
(mixture of calcium oxide and sodimri hydroxide) in a large pyrex 
test tube. Heat tliis mixture and collect two bottlea of methane gas by 
water displacement. To insure collecting pure methane,* allow a small 
amount of the gas to escape before beginning the collection. Do not 
allow loo much to ^cape or it will be difficult *to fill the two collecting 
bottle. This observation is worthwhile since it illustrates the relatively 
poor yield or "inefficiency" which characterizes many organic reactions. 

Test the methane which has been collected for combustibility by 
placing a collecting bottle upright on the table, removing the cover 
glass, and igniting the contents • with a match or burning splint Ob- 
serve the characteristics of the flame as combustion occurs. Examine 
the mouth of the bottle for any residue of unburned carbon. 

If a eecond bottle of. methane has been collected, mix the gas with 
air by placing an identical gas collecting bottle over the bottle of 
methane, removing the cover plate, and placing the runs of the botdes 
in contact with each other. Within three to four minutes the methane 
and air should have thoroughly mixed. Test each botde separately 
for the combustibility of the mixture inside. 

Allov/ the test tube in which the methane was generated to cool. 
Test the r^due for the presence of a carbonate by adding 10 ml. of 
dflute hydrochloric acid (see activity 4.66a). '^le carbon dioxide 
liberated will extinguish a burning splint which is lowered Into the 
test tube. , 

If NaOH is considered as one of the active ingredients of /T^e soda" 
lime,' the reaction for the preparation of methane is ( 

NaQHaOa + NaOH-> CH, + Na^CO^ N 
Note: It is essential that this reaction be performed with anhydrous 
sodium acetate. If only the hydrated compound is available, it may be 
dehydrated by strongly heating an appropriate quantity in a porcelain 
crucible. Gool and pulverize the residue for use in the preparation. 

The use of semimicro technique in organic chemistry is discussed 
in references 7/?-5-4. 

Preparation of ^Acetylene 

TEACHER DEMONSTRATION ONLY: Arrange the apparatus as 
indicated in diagram 7.05. Place several lumps of calcium carbide in 
the 250-ml. flask and allow water to drip slowly on the calcium carbide 
so that acetylene gas is liberated at a steady rate. Allow a quantity of 
« the gas initially evolved to. escape, then collect two botUes of acetylene. 
Q Place one of the botUes of acetylene upright on the demonstration"" 
table and ignite the gas with a match or bjuming splint. The sooty 
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flame produced is quite dramatic, although a bit m^y. The presence 
of carbon in the acetylene molecule is efiectively demonstrated, as well 
as the need for a generous supply of air to improve combustioi\. 

Place 5 ml of dilute potassium permanganate solution, which hag 
been acidified mth 2 or" 3 drops of, dilute sulfuric acid, into the second 
bottle of acetylene and shake the ^bottle. This solution is commonly 
used as a test for saturation among hydrocarbons and is often referred 
to as Baeyer^s Solution. If the color of the original solution is- not too 
intense, it should be completely eliminated by reaction with the un- 
saturated acetylene .molecule. 

Test the gas in the laboratory with the potassium permanganate 
solution. There should be little color change since the hydrocarbon 
molecules of these gases are saturated. 



7.06. Halogenation of Hydrocarbons 

The various members of the halogen group form a great many 
organic compounds by becoming part of various hydrocarbon mole- 
cules. Such combinations are achieved most frequently either by sub- 
stitution reactions in which one or more halogen atoms substitute for 
a like number of hydrogen atoms in a hydrocarbon molecule, or by 
Addition reactions in which unsaturated hydrocarbons react with a 
halogen by the elimination of either a double or triple bond. TypicaUy 
addition reactions occur more readily than substitution reactions and 
this can be shown by experimental observation* 
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a. Place 2 ml of pentane (petroleum ether may be used if pentane 
is not available) in each of two test tubes to which 4 ml. of bromine 
water has also been added. Shake both test tubes; place one in a dark 
place and the other in sunlight or in front of a bright artificial light. 
Compare the contents over a period of 10 or 15 minutes. In the dark 
little or no reaction occurs. However, in the other tube light energy 
causes a reaction which eliminates the color of free bromine. 
• In the case of such substitution reactions half^of the halogen atoms 
become part of the hydrocarbon molecule white the other half of the 
atoms combine with the hydrogen which has been removed. 

. + Bra-> QHxiBr + HBr 

If sufficient bromine is available, the reaction can contifhie, producing 
molecules "such as CoHioBra and -CsHoBro and 'additiorial quantities 
of HBr. • . 

6. Prepare a bottle of acetylene gas by the method described in 
activity 7.05 and add 4 ml. of bromine water to the bottle containing 
the acetylene. Shake the bottle and note the rapidity with which the 
bromine cbloi: disappears. This illustrates the ease with which the 
triple bond can be eliminated and the molecule saturated with bromirt^ 

c. If either natural gas or "bottled" gas is used as a laboratory fud^ 
fill a gas-collecting bottle with this gas by water displacement. Add 
4 ml. of bromine water and compare the rate of reaction with that of 
the acetylene. This substitution reaction may also be speeded up by 
exposure to bright light. 

\ 

7,07. Petroleum Distillation ' . 

a. TEACHER DEMONSTRATION ONLY: The 'principle of frac- 
tional distillation can be demonstrated by using the conventional dis- 
tillation apparatus to obtain some of the better known fractions from 
crude petroleum. Set up the apparatus as shown in diagram 7.07a. 
While a 250-ml. distilling flask is desirable, it can be replaced, if 
necessary, by a Florence flask equipped with a two-holed stopper and 
delivery tube. Measure into the distilling flask 100 ml. of crude petro- 
leum, using a funnel so that no petroleum runs into the side arms of 
the flask. Place a 25'ml. graduated cylinder under the outlet of the 
condenser. Place a 360°C. thermometer in the cork stopper so that 
the bulb extends just below the delivery arm of the flask. 

Heat the petroleum gently and note the temperature at which the 
first drop gathers on the thennometer bulb. This is the initial boiling 
point of the petroleum sample. Raise the temperature slowly to 75°C. 
and collect the. distillate until this temperature is reached: Note and 
record the volume. This is essentially light naphtha^ or petroleum ether 
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and is used in considerable quantity as a commercial solvent. Place 
the distillate in a suitable container; label and «';<>PP;%*J„^"„ 

Raise the temperature of the " distillation slowly to 200° C, again 
collecting the distillate in the graduated cylinder. ^^^^^^J^^i;^^^ 
to droplo 175°C. and then bring it back up to 200 C This racuon 
is raw gasoline and the volume approximates the "straight-run yield. 
Record the volume; transfer to a labeled container and stopper. 

At this point drain the water from the conder^er and coUect 
the next fraction up to 275°C. Allow to cool and then reheat to 275 C. 
This is the kerosene fraction. Note the volume and transfer this fraction 

to a labeled container. onnnr> tl- • 

Raise the temperature to 30&°C.; cool; then reheat to 300°C. This ,s 
the fuel oil fraction. Record the volume and transfer to a container. 

oiTin the final fraction by heating to about 340°C allowing it 
to coQl slightly, and rhen reheating to 340oC. This is the light lubricat- 
' ing oil fraction and should be so labeled. At this temperature range 
some cracking may occur which will deposit carbon (petroleum coke) 

*" After^tht residue has cooled, measure its volume. The residue con- 
tains various lubricants, vaseHne, paraffin and asphalts. ^" "If^";'; 
solvent such as benzene to rinse the flask and condenser. C^I/HOW. 
Vapor from benzene is toxic and should not be breathed. 




7.07 a 



b. An alternate method for the fractional distillation of petro eutn 
is shown in diagram 7.076. This apparatus is usually not available 
■ in the ordinary high school chemistry laboratory because the more sim- 
plified apparatus serves just as well. 
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c. Place 2 ml. of each fraction in a porcelain evaporating dish and 
observe the ease with which it can be ignited. Allow the dish to cool 
between tests or the results may be misleading. The products with the 
higher kindling temperatures may te diflScult to ignite unless a match 
OF splint of wood is placed in the dish to serve as a wick. Note the 
type of flame and the residue left by each fraction. 

7.08. Preparation of Ethyl Alcohol by Fermentation 

The process of fermentation should be familiar to all chemistry 
students and can be best understood by actually preparing a fermenta- 
ble mixture. Various carbohydrates may be used for this purpose, but 
either sucrose or molasses is usually most readily available. 

Equip a 2.quart bottle (an empty acid bottle which has been thor- 
oughly rinsed is satisfactory) with a one-holed rubber stopper and a 
delivery tube. Place a pint of molasses, a quart of water and half a 
yeast cake in the bottle. Mix thoroughly and set aside in a warm dark 
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pkce. Run the end of the delivery tube into a wldemouthed botUe half 
Med witll limewater. Add'U thin lay^ of kerosene to the botUe con- 
taining limewater in order to exclude air from contact with the hmc- 
water (see diagram 7.08). After the fermentation reaction has taken 
place for a short time, examine the limewater for evidencft of the 
evolution of carbon dioxide gas. Allow the fermentation reaction to 
continue for five or six days. At the end of this period of time remove 
a small amount of the fermented mixture, filter it and test for the 
presence of ethyl alcohol. u c i 

* To test for ethyl alcohol, dissolve a crystal of iodine m about 5 ml. 
of the filtrate in a test tube. Add 2M sodium hydroxide dropwise until 
a yellow coloration appears (iodoform). Heat the test tube to a tem- 
perature of approximately 60°C. and then aUow to stand for a few 
minutes. The iodoform precipitates. The iodoform can he obtamed as 
a dry powder by filtering the mixture and allowing the filter paper to 
dry. 
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7.09. Separation of Alcohol by DistUlation 

Place about 200 -ml. of the fermented Wture prepared in activity 
7 08 in a 500-ml. distilling flask, equip with a thermometer and a 
condenser, and distill. Collect 20 ml. of distillate; notice the tempera- 
ture at which the distillate comes off. Place a few ml. of the distillate 
in an evaporating dish and attempt to ignite it. In this fraction the 
concentration of the alcohol should exceed 50 percent. Jh^efore, this 
fraction should burn. Determine the purity of the akohorby finding 
its specie gravity by the botUe method (see activity 7.156). Consult 
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the Handbook of Chemistry and Physics for the percent concentration 
of the alcohol. Collect additional 20-mL samples and sunOarly test. 
Note that the concentration of alcohol in the distiUate diminishes as 
the distillation continues* v 

7.10. The Properties of Alcohols 

The well-equipped laboratory should cont^n quantities of •several 
of the alcohols so that various properties may be observed. A number 
of the monohydric alcohob, including methanol, ethanol, propanol, 
butanol and pentanol, should be available, as well as the dihydric 
alcohol, ethylene glycol, and the trihydrie alcohol, glycerine. 

Compare some alcohols mth respect to such properties as boiling 
points, misdbility with water, combustibility and specific gravity. 
^ a. Boiling Points. In determining the boiling points of the lower 
boiling poinf alcohols (below lOO^C), place a test tube partially filled/ 
with the alcohol in a beaker of water. Heat the water in the beafc^r 
until the alcohol boils. Suspend the thermometer over the liqiji^ in 
the test tube so that the condensing vapors wet the sides of/'me test 
^ tube at least one inch higher than the level of the thermometer bulb. 

The boiling /points of the higher boiling alcohols are -probably best 
determined by a TEACHER DEMONSTRATION ON£Y (see diagram 
7.10a). The technique of using pieces of capillary tubes or boiling 
stones to prevent superheating and "bumping'' is advised, both from 
the standpoint of safety and accuracy of boifing pomt determination. 
^ Prepare capillary tubes for this purpose by strongljrheating a piSfee.of 
soft glass tubing in a bunsen flame, drawing out the tubing and then 
breaking the thin tubing into half-inch lengths. Place three or four 
of these tubes in the liquid to be tested. Use new lengths for each 
separate boiling det^rminatipj^ 

Consult a handbook Jof the boiling pointis of the corresponding 
hydrocarbons. Com^areiK^e boiling points with those of the alcohols. 
Relate to the polar nature of alcohols. 

b. Miscibility^'In observing the miscibility of alcohols with water, 
ry a variety of proportions in order to make the observations some- 
what quantitative. Ratios of 1:20, 1:5, 1:1, 5:1 and 20:1 (alcohol: 
water) will ^ive evidence for some fairly definite conclusions. Pupils 
should become aware of the fact that the tendency to dissolve in water 

^jth much more common among the alcohols than among other groups of 
organi^^ompounds. 

c. /Combustibility. I^etermine the combustibility of the alcohols by 
plamng 2 or 3 ml. oi the alcohol in an evaporating^ dish arid igniting 
i^ Note carefully the nonluminous flame produced by the less dense 

/ ' 
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alcohols. With the high boiling point alcohols, such as ethylene glycol 
and glycerine, it will probably be necessary to use a match stick or 
a piece of paper as a wick in order to vaporize and ignite the alcohol. 
Note the correlation beJtween the ease of ignition and the Boffing point 
of the alcohol. The alcohols, like the hydrocarbons, bum only in the 
vaporized state. 

d. Specific Gravity. The specific gravity of the alcohols may be 
determined either by the bottle method (see activity 7,156) or by the. 
use of appropriate hydrometers. Demonstrate the use of an hydrometer 




-Onc-holc shopper 



-Thermomcher 



-5urcl"hc clamp 




-Condensed vapor ^ 
-Capillary hubcs 
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to determine the conceriH-ation of a m^ethanol-water' or ethanol-water 
mixture. Consult reference tables in the Handbook of Chemistry and 
Physics to relate specific gravity to percent concentration. Refer to 
the use of the hydrometer in testing automoBile antifreeze. 

7.11. The Preparation of "SolicI^ Alcohol 

Place 10 ml. of a sattfrated solution of calcium acetate in a 250-ml. 
beAer and add 60 ml. of either methyl alcohol or ethyl alcohol (dfe- 
natured). A semisolid gel should quickly form. Place a small quantity 
of this gel on an asbestos pad and ignite it. The pale blue flame pro- 
duced is characteristic of the alcohol being burned. This illustrates 
the preparation of "caiynedl' hgat." 

7.12. Phenol , 

CAUTION: Great care should be observed in handling phenol since 
it is a highly corrosive and poisonous substance. Do not allow it to 
come in contact with the skin; it can cause serious burns, • . 

a. Demonstrate the limited solubility of phenol in water. 

Explain that a 2.5 percent solution has excellent antiseptic properties, 
and has been known by the common name of carbolic acid. 

Test the water solution of phenol with a pH indicator. Show that 
the pH is below 7, and ll^refore s«>mewhat acidic; .hence the name, 
carbolic acid. ^ 

6. A fairly sensitive color test for phenol can be observed by adding 
a few drops of ferric chloride solution to about 5 ml. of phenol^ solu- 
tion in a test tube. Fof purposes of comparison add a similar amount 
of ferric chloride solution to 5 ml. of a dilute solution of an aliphatic 
alcohol, such as methAiol. In the case of the phenol-ferric chloride 
mixture the resulting coloration may be so intense that dilution may 
be required to identify the color. ^ 

c. The compound tribromophenol may be readily prepared from 
the water solution of phenol by placing 5 ml. of this solution in a 
test tube and adding bromine wqter untU the color of the bromine is 
no longer removed. Separate the precipitate of tribromophenol by filtra- 
tion. The reaction may be represented as: 

CaH^OH + 3Br2 CaH^OHBr, + 3HBr 

Note that this substitution reaction occurs readily and requires very 
little time and tn^x^y. For purposes of contrast add 2 ml. of bromine 
water to 5 ml. of benzene in a test' tube. Shake the tube and observe 
over a period of time to determine jvhether a similar substitution 
reaction occurs with be^izene.^The reaction in this case is very slow, 
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but it can be speeded up by exposing the mixture to sunlight or a 
bright incandescent lamp. The conclusion may be drawn that apparently 
the presence of the OH group on the benzene ring (phenol) greatly 
facilitates the halogen substitution reaction. 

7.13. Preparation of Formaldehyde 

The oxidation of pHmary alcohols and the formation of various 
aldehyde compounds is a fundamental and significant type of organic 
reaction. 

A dilirte solution of formaldehyde can be prepared by the reaction 
between hot cupric oxide and methyl alcohol. Place 2 ml. of methyl 
alcohol and 5 ml. of water in a test tube which is partially immersed 
in a beaker of cold water. Make a spiral of copper wire by winding 
it 10 or 15 times around a pencil and then withdrawing the pencil. Have 
the spiral about 1 inch in length with about 8 inches of wire to scr/e 
as a handle. Heat the spiral in the bunsen flame to red heat and then 
plunge it into the methyl alcohol solution in the test tube. Repeat this 
procedure five or six limes, or until a pungent odor, quite unlike the 
odor of methyl alcohol, becomes apparent. The copper is first oxidized 
. by air: 

2Cu + Oa-> 2CuO 
The alcohol is then oxidized to formaldehyde: 

CH,OH + CtiO ^ HCHO + Cu + H^O 
Note {hat the wire, which had darkened when held in the bunsen 
flame, becomes bright -when dipped into the alcohol solution. 

7.14. Reducing Property of Formaldehyde 

a. Place 1 ml. of each of Fehling's solution\4 and B (or Benedict's 
solution) in a test tube and add a few drops of 40 percent formaldehyde 
solution (Formalin). Boil the' mixture gently for a minute or two and 
observe the color change. The formation of the brick red cuprous 
oxide, or possibly some metallic copper, results from the reduction of 
the Cu+* ions in the test reagent. This reaction is typical of the aldehyde 
group as a reducing agent. It is essentially identical to the reaction 
which occurs when certain sugars produce a reducing action 6n cither 
Fehling's ui Benedict's solution. 

b\ Place 3 ml. of silver nitrate solution in a very clean test tute and 
add slowly dilute ammonium hydroxide (1 part of stock solution to 9 
parts of water) until the precipitate which first forms has almost dis- 
solved. Add 2 drops of 40 percent formaldehyde solution, shake the 
tube and warm it gently. Note the deposition of silver on the sides 
of the test tube as a mirror. (The^silver may later be dissolved and 
removed with nitric acid.) 
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The formation of metallic silver is also a reduction reaction brought 
about by 'the aldehyde ' , ' \ 

2AgOH + HCHO 2Ag + H^O + HCOOH (formic acid) 

7* 15. Preparation of 'Acetic Acid and Determination 
of Purity 

(H. While the method is not used commercially, it will be of interest 
to prepare a sample oj[ acetic acid by the reaction of sulfuric acid on 
solium acetate. This reaction is typical of the salts of organic acids 
and is used in the preparation of some of the long-chain fatty acids 
from soaps. » ^ ' 

Place 40 gm. of anhydrous sodium acetate in a 250-ml. distilling 
flask. To this add cautiously ^5 ml, of concentrated sulfuriq acid. Use 
a funnel with a long Enough stem to bypass the delivery arm of the 
flask when adding the acid. The acid may run out of the delivery 
arm if it is poured in without this precaution. If the mixture becomes 
so hot that loss of vapor is threatened, cool the flask in tap water, 
* Attach a condenser to the flask, place a thermometer in a one-hole 
cork 'Stopper at the top of the flask, and attach the necessary hoses for 
water circulation (see diagram 7.p7a). Heat the mixture carefufly, 
keeping the temperature in the flask below 125° C. during the dis- 
tillation. Collect about 20 ml. of distillate in a graduated cylinder. 

The acetic acid so prepared is of high concentration, as will be 
noted from the strong odor. 

A dilution of about 20 parts of water to 1 part of the distillate 
would approximate a typical vinegar concentration. Dilute a portion 
of the distillate. Test for weak acid behavior, such as by observing 
its action on pieces of zinc and magnesium ribbon, effect on litmus 
and reaction with a carbonate or bicarbonate. 

h. The percentage of acetic acid in the distillate can be determined 
by calculating the specific gravity of the distillate. The specific gravity 
of aqueous acetic acid solutions and percent composition may be found 
in the Handbook of Chemistry and Physics. To detennine*^ the concen- 
tration of an acid by titration^' see activity 5.2YT 

To determine the specific gravity of the distillate, weigh an empty 
10-ml. specific gravity bottle and stopper (pycnometer) carefully (see 
page 263, diagram 7,156). Then fill the bottle with the distillate. Insert 
the stopper (the excess solution will spill out through the hole in the 
stopper), dry the outside of the bottle, and again weigh carefully. In 
this situation it may be assumed that a^ equal volume of distilled water 
will weigh 10.00 gm. The specific gravity of the distillate can be 
found from the equation: 

O _ _ ■_ 



ORGANIC CHEMISTRY ' 261 

, ^ ■ * 

J-j-v' , weight of liquid 

^Specific gravity = weight of equal volume of ivater 

To illustrate: A lO-ml specific grayity bottle weighs 12.30 gm. empty 
and 22.87 gm. when filled wifh distillate. 22.87 gm. — 12.30 gm. = 
weight of distillate (gm.) 

lO^Tgm. * 

10.00 gm.; ^^-^^^ ' 
A check in the Flandbo'dH of Chemistry and PAysics' indicates that an 
aqueous acetic acid solution with a specific gravity of 1.057 contains 
97 percent acetic acid. 

7.16. General and Specific Properties of Organic Acids 

Obtain quantities of a variety of organic acids, including, if possible, 
the following: acetic, butyric, lactic, oxalic, succinic, citric and stearic 
4cids. Use these acids to demonstrate some properties of organic acids. 

a. Ionization of Acids. The organic acids are unique among the 
common types of organic compounds in that they ionize, &ut only 
to a slight degree. They do, however, display many pf the typical acid 
properties. 

(1) Plaee 5 ml. of 1 Molar solutions of such acids as acetic, oxalic, 
citric and succinic acid in separate test tubes. Place a drop of each 
acid on blue litmus paper as a test fot hydrogen ions. 

(2) Drop a small piece of magnesium ribbon into eacli test tube. 
Observe the evidence ol reaction and whether there is a significant 
difference in the rates of reaction. 

(3) Rinse the test tubes and place 0.5-gm. portions of sodium car- 
bonate in each test tube, Add 5 ml. of each of the acids to separate 
test tubes. Observe the characteristic acid reaction and the similarity 
to the behavior of inorganic acids. > 

b. Physical State of Acids. Note that only the first three of the 
named organic acids (those with relatively low molecular weights) 
occur as liquids at room temperature. This is in contrast with inor- 
ganic acids, where the liquid state is typical of this group of com- 
pounds. 

c. Odor of Acids. Observe the odor of dilute acetic acid, butyric 
acid and lactic acid. Associate these odors ^ith the familiar sub- 
stances in which these compounds occur. Generally, as the molecular 
weight increases, the saturated aliphatic mono-carboxy acid tends to 
change from an odorous to an odorless compound. 

d. Solubility of Acids in Water. Observe the physical appearance 
of stearic acid. Rub a little between the fingers and note the feel. 
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Place a very small quantity in two separate t^t tubes test for 
solubility by adding 3 ml. of ethyl alcohol to one test tube and the 
same quantity of water to the other. The stearic acid is more soluble 
ill ethyl alcohol than in water. Compare the solubilities of dcetic acid 
and stearic acid in water. Generally, for saturated aliphatic mono- 
carboxy acids, as the molecular weight increases, the'^ohibility in water 
decr^eases. 

e. Oxalic Acid as a Reducing Agent. Place 5 ml. of the IM oxalic 
acid solution in. a test -tulje. Add dropwise a dilute potassium per- 
manganate solution until the oxalic acid no longer eliminates the color 
of the potassium permanganate solution. This change demonstrates the 
color removal or "bleaching" capacity of oxalic acid which is some- 
times utilized in bleaching wood surfaces and in removing iron rust 
stains from various surfaces. 

2KMn04 + 8(COOH)a-^ lOCO^ + 2MnC^O^ + 
K2C;,04 + SBtO 
Try adding the potassiym permanganate solution to the IM acetic 
acid solution to determine whether a similar "bleaching" effect is 
produced. ^ 

f. Test for Acetate Ions. Place 5 ml. of IM acetic add in a test 
tube, drop in a small piece of litmus paper, and add dilute sodluhi 
hydroxide solution with stirring until the litmus just turns blue. Now 
add 2 ml. of ferric chloride solution, note the appearance of the mix^ 
ture, and heat it until a change occurs. The resulting brown' color is 
due to the formation of basic ferric acetate which has the formula 
Fe(OH) (C.H.O,)a. 

Repeat the test with one of the other acids, such as citric acid, to 
show that the color obtained is. a specific test for the acetate ion. 

g. Citric Acid as a Flavoriing Agent. Place about 50 ml. of cold 
water In a 250-mK beaker and add, with stirring *to dissolve the sub- 
stances, small quantities of citric acid (powder) and sucrose (table 
sugar). If only small quantities at a time are added, and the concen* 
t rati oh is carefully Adjusted, it should be possible to produce a rha* 
sonably palatable imitation of lemonade. 

7.17* Esterification 

Esters are most frequently prepared by the reaction of alcohols and 
acids in the presence of concentrated sulfuric acid. When the acid used 
is an organic acid, many *o{ the esters resulting from such reactions 
have odors characteristic of certain fragrances produced by plants.* 
It is possible to prepare various esters in the laboratory which pupils 
may readily recognize. It is also worthwhile to have on hand in the 



ERLC 



263 



OUGANIC CHEMISTRY * 263 

chemical stockroom small quantities whicli can be identified by odor. 

a. Preparation of Ethyl Acetate. Place 25 ml. of ethyl akohol 
(denatured qlcohol is satisfactory) in a 250-ml. flask. Add 5 ml. of 
concentrated sulfuric acid and 25 ml. of glacial acetic add. Boil this 
mixture gently i V/ith d condenser in the reflux position (see ^i^^g^^in 
7.17tt) for 20 to 30 minutes. Contrast this rate of reaction with a 
typical neutralization reaction as encountered in inorganic chemistry. 




TI7a 

Transfer the mixture carefully to a distillmg flask, equip the flask 
mth a condenser, and distill until approximately 30 ml. of distillate 
have been collected. The temperature should go no higher than 100°C 
Since the distillate is impure and contains particularly a quantity 
of unreacted acetic acid as well as some alcohol, steps must be taken 
to obtain a reasonably pure sample of ethyl acetate. Pour the distillate 
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into a beaker and neutralize the excess acetic acid with a saturated 
solution of sodium carbonate until a piece of red litmus placed in 
the mixture turns blue. Pour this mixture info ^a separatory funnel 
and extract the upper layer, which is essentially ethyl acetate. 

Many pupils v/ill recognize the odor of the ethyl acetate and the 
girls will usually associate this with "fingernail polish remover." Some 
may even volunteer to try it out for this purpose. Demonstrate, the 
solvent property of the ethyl acetate by soaking a quantity onto a 
cloth or paper towel and rubbing along a lacquered surface such as 
a pencil. 

b. Odors of Esters. The odors of other esters can be observed by 
gently heating mixture of small amounts of the following chemicals 
in a test tube. A few drops of concentrate/J sulfuric acid should be 
added in each case. The heating Is best accomplished by placing the 
test tube in a beaker of heated water and allowing adequate time for 
the esterification reacljon to occur. 

(1) 5 ml. of methyl alcohol and 2 gm. of salicylic acid 

(2) 5 ml. of ethyl alcohol and 5 ml. of butyric acid 

(3) 5 ml. of n-amyl alcohol and 5 ml. of acetic acid 

The table below gives a few examples of some of the natural es- 
sences which can be duplicated by organic esters. In virtually all cases 
of natural essences the odor is due to a mixture of several, perhaps 
dozens, of esters and aldehydes. The table indicates only the one or 
two main ingredients. 



Essence 


Ester 


Essence 


Ester 


Apricot 


Amyl butyrate 


Pineapple 


Ethyl butyrate 


Banana 


Amy] acetate 


Raspberry 


Isobutyl formate 
Isobutyl acelat« 


Crape 


Ethyl formate 
Ethyl heptoate 


Rum 


Ethyl butyrate 


Orange 


Octyl acetate 


Wintergreen 


Methyl salicylate 



7.18. Polymerization 

One of the really si^ificant objectives of any study of organic 
chemistry, regardless of how brief such an experience may be, should 
be to gain an understanding and appreciation of the polymerization 
process. Since so many organic compounds, both natural and synthetic, 
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are actually polymers formed in most cases from comparatively simple 
small molecules, the desirability of a pupil acquiring an insight into 
the mechanisms of such . reactions is obvious. These polymers are the 
basis of various industrial products, including plastics, synthetic textiles, 
rubber and fuels. It, is possible to demonstrate the preparation of 
several such products and thereby stimulate the imagination of the 
pupils as to the limitless possibilities of polymerization reactions. 

a. Bakelite. This is one of the firet successful synthetic plasti<s, 
having been originally developed by Baekeland and produced com- 
mercially in 1907. It is still a very popular plastic and has the largest* 
annual production of any of the so-called phenolic resins. This plastic 
is produced by the reaction of phenol and formaldehyde, under proper 
conditions of temperature cental and aided by an appropriate catalyst. . 
The product formed is of a thermosetting type and is a cross-linked 
polymer. 

Place 25 gm. of phenol and 50 ml. of 40 percent Formalin (formal- 
dehyde) solution in a 250-ml. Erienmeyer flask. Add 3 ml. of 40 per- 
cent sodium hydroxide, which will act as a catalyst. Heat thiS'mi3aure 
under a hood at 107°C., or in a flask equipped with a condenser in 
the reflux position (see diagram 7.17©). If the latter setup is used, 
boil the mixture gently. In either case continue heating until the mix- 
ture has become quite viscous, with a consistency similar to that of 
honey or molasses. This will probably require approximatelv 45 to 60 
minutes of heating. 

Pour this viscous product into a suitable mold for subsequent "cur- 
ing." If the solution is allowed to cool at this point it will be a resinous 
substance that will melt again on slight heating Sind dissolve in many 
organic solvents. To complete the process of polymerization bake the 
resin for several hours at moderate temperature. If a drying oven is 
available, "bake" the resin for 2 hours at 50°C. and then at 75°C. 
for 2 hours. By the end of this time the product should have become 
a hard, glossy, ruby-red solid which now has a very high melting 
point and can be shown to be impervious to the effects of most organic 
solvents. If no drying oven is available, "curing" can be accomplished . 
by placing the mold on an asbestos mat and placing it over a 100-watt \/ 
bulb in a photographic reflector. Adjust the distance between the mold 
and bulb to apprbximate the recommended temperature. 

b. Nylon. One of the easiest polymerization reactions to produce 
and one of the most fascinating to observe is the reaction which pro- 
duces a long-chain linear polymer of the nylon type. This reaction 
is unique among organic reactions of this sort in that it occurs fairly 
rapidly and requires no external application of energy. 

Prepare a solution of 2 ml. of sebacyl chloride (or other chloride 
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of a dicarboxylic acid) in 100 ml of carbon tetrachloride in a 200-mL 
tall'form beaker. Over this carefully ' pour a solution of 4.4 gm. of 
hexamethylenediamine in 50 ml. of water. A polymeric film forms 
at once at the interface of the t^vo solutions. Grasp this film at the 
center with tweezers and raise as a rope of continuously forming 
polymer film. The effect is especially striking if a revolving drum is 
first made, using an caUneal box or similar container, running a dowel 
through the middle to serve as an axle and attaching a short handle 
so that the drum can be turned. Attach the end of the pol)rmer film to 
the drum and wind continuously around it until one of the soluHons 
has been used up. 

c. Thiokol (Synthetic Rubber), Synthetic rubber is an example 
of one of the polymers of great importance in present-day industrial 
production. The preparation of one of the types of synthetic rubber 
as a laboratory experience not only lends interest but also illustrates 
some of the chen^istry of polymers. 

Thiokol and similar sulfur polymers may be prepared by the poly* 
merization of an alkali or alkaline earth metal polysulfide and a halo* 
gen substituted olefinic hydrocarbon. The amount of sulfur in the 
polysulfide determines the elastic quality of the rubber. 

In a 250-ml. beaker containing 100 ml. of water dissolve 4 gm. of 
sodium hydroxidie and heat to boiling. Add 10 gm. of flowers pf 
sulfur. Stir until all the sulfur has dissolved. The liquid will turn 
from a light yellow to dark brown color as the sulfur content of the 
polysulfide increases. If the sulfur does not dissolve completely in 10 
*to 15 minutes, allow the solution to cool and decant the dark brown 
liquid from the undissolved sulfur. To this liquid add 20 ml. of ethylene 
dichloride while maintaining the mixture at a temperature of 80°C. 
Stir the mixture constantly until a spongy lump of synthetic rubber 
forms at the bottom of the beaker.. * 

Remove the synthetic rubber from the beaker and wash thoroughly. 
Its color will vary from white to yellow and it will have a degree of 
elasticity depending on the sulfur content of the polysulfide. This 
polymer will resist organic solvent action, a characteristic which dis- 
tinguishes it from natural rubber. In actual use it is mixed with 
carbon, zinc oxide and some natural rubber to make it harder and 
to give it better wearing qualities. 

7.19. An Introduction to Biochemistry 

A study of organic chemistry is scarcely complete without at least 
a brief look at the three major classes of compounds which are the 
chief components of our foods, namely the carbohydrates, fats and 
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proteins/ These can be studied as examples pi types of compounds 
already encountered, not as unique types of compounds themselves. 
Note the close relationship of carbohydrates to aldehydes and ketones, 
fats to esters aifl proteins to polymers of amino acids and various 
nonp^-otein groups. Various properties and typ'ical reactions of these 
compounds can be readily observed. See reference 7i?-5. 
a. Carbohydrates, » 

(1) CompoMtion. Place 5 gm. of sucrose in a 100-ml. beaker. Add 
5 ml. of cpnceiftrated sulfuric acid and observe the mixture for several 
minutes for evidence of chemical change. Note the loss of water vapor 
from the beaker and the residue of carbon which remains. Infer the 
composition, of sucrose, and other carbohydrates, from this reaction. 

(2) Physical Properties/fedubit samples of a variety of carbohy- 
drates, including, if possible, glucose, fructose, sucrose, lactose, mal- 
tose, starch and dextrin. Taste the various carbohydrates and attempt 
to arrange them in order of sweetness. Introduce a sample of saccharine 
to show that sweet taste is not necessarily a property of sugar only. 
It will also become apparent that the sugars themselves vary con- 
siderably in thb property, from fructose as one extreme to lactose as 
the least sweet of the aforementioned sugars. 

Test the various carbohydrate for solubility by weighing out 0.5 
gm. of each and attempting to dissolve it in a test tube containing 
20 ml. of water. Starch and dextrin do not dissolve readily as do all 
the sugars. Relate to the lack of taste sensation produced by these 
less soluble carbohydrates. 

(3) Reducing Action of Carbohydrates. Place 5 ml. of each of the 
carbohydrate solutions resulting from the solubility tests in (2) above 
in separate test tubes. Add 2 ml. of Benedict's (or Fehling's) solution 
to each test tube. Place all the test tubes in a beaker of hot water at 
80°C. to 90°C. Note the evidence of reduction of cupric ions to red 
cuprous oxide in some of the solutions. Not all carbohydrates act as 
reducing agents. Sucrose is a nonreducing sugar. 

(4) Hydrolysis of Sucrose. Place 5 ml. of sucrose solution in a test 
tube and add 3 drops of hydrochloric acid. Boil this mixture gently for 
five minutes and then neutralize the acid by adding solid sodium car- 
bonate until the mixture no longer effervesces. Add 2 ml. of Benedict's 
solution and warm the mixture as previously tested.' The solution 
should now show a reducing action on the Benedict's solution as 
evidenced by the appearance of a brick red color. 

The sucrose has been hydrolyzed to a mixture of glucose and fruc- 
tose, both of which are reducing sugars. This same hydrolysis reaction 
would occur much more slowly if the sucrose solution were boiled 
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for a sufficient length of time. This is one of the reactions that 'takes, 
place when sucrose is used in preparing jams and jellies. Demonstrate 
a similar hydrolysis reaction by using starch instead of sucrose, treat- 
ing it* in the same way with hydrochloric acid and boiling. 

b. Cellulose. This complex polysaccharide forms a large portion of 
the cell walls and supporting structure of plants. It is insoluble in 
most of the common solvents, has a more complex structure than the 
starches and is not so readily hydrolyzed. Its resistance to hydrolysis 
makes it virtually indigestible by nearly all organisms. Therefore, it 
has very little Value as a food material, but is significant for the wide 
variety of uses that are made of it. Absorbent cotton and filter paper 
^ are almost pure Cellulose and may be used in the following experiences 
as t5rpical examples of cellulose. 

(1) Parchment Paper. Dip a strip of filter paper into a cold solu- 
tion oF sulfuric acid (2 vols, of concentrated sulfuric acid to 1 vol. 
of water). After 15 seconds transfer the paper .to a beaker filled with 
cold water. Wash thoroughly with water, then with very dilute am- 
monium hydroxide. Rinse out all the ammonium hydroxide with water 
and allow to dry. Compare the treated paper with the original filter 
paper to show an interesting difference in texture ^d strength. 

(2) Preparation of Cellulose Acetate (Acetylation). Dissolve 0.5 
gm. of filter paper (torn into small pieces) in a mixture of 20 ml. 
of glacial acetic acid and 6 ml. of acetic anhydride, with 2 drops of 
concentrated sulfuric acid added as a catalyst.* Inasmuch as it will 
probably require about 24 hours for the reaction to occur, the mixture 
should be covered and allowed to react for such an interval. Occasional 
stirring or agitation will help to bring about a more complete reaction. 

After the filter paper has completely dissolved, pour the resulting 
mixture in a thin stream into cold water in a large beaker (600 ml.). 
Filter to obtain the precipitated^ellulose acetate, press out the excess 
water, and spread it out to dry on a filter paper. CAUTION: Use (he 
Iiood, Dissolve the thoroughly dry cellulose acetate in 20 ml. of acetone 
in a large test tube. Pour some of this sofution onto a glass surface, 
mch as a watchglass, and allow the acetone solvent to evaporate. 'A 
hin film of cellulose acetate should remain on the glass. This can 
Jsually be loosened by running some water over it. Remove the film, 
observe its appearance, and cautiously test for flammability. 

(3) Preparation of Rayon (Cuprammoniuni Process). Dissolve 
5 gm. of oupric sulfate in 100 ml. of boiling water, and add sodium 
hydroxide until precipitation is complete. Filter and wash the precipitate 
well, and dissolve it in a minimum quantity of ammonium hydroxide. 
Note: An alternate method of preparation is to bubble a slow stream 
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of air through 100 ml. of strong ammonium hydroxide containing 15 
gm.. ol fine copper turnings. Continue this procedure for one hour. 

Ada a sheet of shredded filter paper to 25 ml. of this solution 
(Schweitzer's reagent) in a sm'all heaker. Stir until the paper has dis- 
solved. Pour the solution in a fine stream or squirt it from a medicine 
dropper or pipette into 250 ml. of 1 Molar sulfuric acid solution. The 
substance formed is regenerated cellulose or rayon. In industry the 
cellul(»e solution is squirted through the tiny holes of a spinneret into 
the acid to produce threads of rayon. Cellophane is regenerated cellu- 
lose manufactured in sheet form. 

c. Fats. Inasmuch as the pupils have become acquainted with the 
process ot estcrification earlier in the discussion of organic chemistry, 
it should not be difficult for them to understand the basic structure 
of the fat molecule as an ester of the tri-hydroxy alcohol, glycerin, 
comBined with various acid molecules. lUnstrate the combination of 
glycerin with such common fatty acids as stearic acid (CitHsoCOOH) 
and deic acid (CitH„COOH). Oleic acid has' one double bond in the 
carbon chain. The "so-called" unsaturated fats are esters of unsaturated 
acids. 

(1) , Solubility. Place a few drops of a fat or oil in several clean, 
dry test tubes. Add 5 ml. of water to one tube and similar volumes of 
various organic solvents, such as ethyl alcohol, ether, chloroform, 
carbon tetrachloride and acetone, into the others. Shake each tube and 
73»bserve which solvents dissolve fat. 

Place a few ml. of one of the solutions of fat on a filter paper and 
allow the solvent to evaporate. The translucent spot which remains is - 
sometimes used as an indication oi the presence of fats in foods, when 
one of these solvents is used as a m^kns of extraction. 

(2) Emulsification. Shake a mixture of 3 drops of cottonseed oil 
and 5 ml. of water in a t<5st tube. After thorough mixing, note the 
time required for the separation of the tWo liquids. Add a few drops 
of soap solution to the mixture, ^hake, and again observe for separation. 
Repeat the procedure Ky using a few drops of liquid detergent instead 
of soap. When soap or detergent is added, the fat becomes emulsified 
and the small particles remain suspended for a considerable length 
of time. Discuss the relationship of this behavior to the cleansing 
effect of soaps and detergents. 

(3) Saturated and Unsaturated Fats'. Place 5 or 6 drops of melted 
butter and raw linseed oil in separate test tubes. Add 4 ml. of a dilute 
solution of iodine in carbon tetrachloride to each test tube. Observe 
any tendency of the iodine color to disappear. The reaction of un- 
saturated fats with "free" iodine varies'with the degree of unsatura- 
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tion. Test otheV fats in a similar manner and compare the results. 

Discuss the concept of the "iodine number," which is the number of 
grams of iodine which react with 100 gm. of a given fat. The contrast 
between linseed oil, a highly unslaturated fat having an iodine number 
between 175 and 202, and butterfat, a relatively saturated fat with 
iodine numbers of 26 to 28, is quite obvious. Other common fats have 
iodine numbers as follows : 

Coconut oil 6.2— 10 Olive oil 79 — 88 

Com oil 111—128 Peanut oil 88 — 98 

Cottonseed oil 103—111 Tung oil 163—171 

Note from the above values that it is, the highly unsaturated oils 
(with high iodine numbers) such as linseed oil and tung oil, which 
can be oxidized by the atmosphere. Therefore, they serve as drying 
oife in paints and varnishes. 

(4) Saponification. Dissolve 2.5 gm. of solid sodium hydroxide in 
15 ml. of 50 percent isopropyl alcohol (prepared with distilled water) in 
a 150'ml. beaker. Add 6 ml. of cottonseed oil and heat the mixture, 
with constant stirring, for about 30 minutes. Use a small flame and 
avoid vigorous boiling. Add 50 percent alcohol as needed to maintain 
a constant volume of liquid in the beaker. 

After heating for the indicated time interval, pour the mixture into 
a 250-ml. beaker containing 150 ml. of saturated sodium chloride 
solution. Filter the mixture to obtaii^ the soap which separates in this 
"salting out" process. Wash the soap with 10 ml. of ice-cold distilfed 
water. Test the soap which remains on the filter paper for sudsing 
action by mixing a small amount of the soap with 5 ml. of distilled 
water in a test tube and shaking the mixture thoroughly. The appear- 
ance of suds indicates a successful saponification reaction, 
d. Proteins. 

(1) Composition^ The presence of nitrogen in proteins can be 
detected by the reactidh with soda-lime, which causes the formation 
and release of ammonia ghs. The typical analysis of protein for nitrogen 
content is based on the quantitative determination of the ammonia 
which is released when the protein is decomposed. 

Mix 0.5 gm. of either casein or powdered egg albumin with an 
egual weight of soda-lime in a test tube. Shake the tube to mix the 
solids and warm in a bunsen flame. Cautiously note the odor of |he^ 
gas evolved and test it with moist litmus paper. 

To show the presence of the elements, carbon and sulfur, in pro- 
^ teins, place enough powdered egg albumin in a test tube to cover the 
bottom of the tube and heat the tube. Hold a piece of moist lead acetate 



er|c 



271 



^ ORGANIC CHEMISTRY 271 

paper at the mouth of the test tube. The color change indicates the 
presence of sulfur. The material in the bottom of the test tube will 
char. This suggests the presence of carbon. , 

(2) Identification. Proteins^ as well as certain other substances, 
give a violet color in the presence of the cupric ion and dilute alkali. 
This is known as the biuret reaction. Place 5 ml. of either casein or 
egg albumin solution in a test tube and add 2 ml. of 3N sodium hydrox- 
ide. Shake the mixture for a few seconds and add a drop of 0.2N 
cupric sulfate solution. As a control, perform the same test on a 
similar "quantity of sucrose solution. ^ 

Since most proteins contain amino acids whic^ have an aromatic 
ring, they are readily nitrated on treatment witly concentrated nitric 
acid. The products are yellow, and the color is deepened by treatment 
, with a base. This test is known as the xanthoproteic test. ?\ace 3 ml. 
of egg albumin or casein solution in a test tube, add 1 ml. of con- 
centrated nitric acid and heat to boiling. After noting the color, cool 
the test tube under the water tap and cautiously add 3N*sodium hydrox- 
ide solution jmtil the mixture is basic. Many pupils have inadvertently 
performed a similar test on either their skin or fingernails when nitric 
acid is accidentally spilled on the fingers. 

(3) Coagulation, Many proteins which are soluble in water can be 
rendered insoluble by the action of heat or various chemicals. Tlie 
formation of the coagulated form occurs, in many ^ases, during the 
digestive process and may be an, essential part of that process. The 
action of several coagulating agents may be readily demonstrated. 

Place 5 ml. of egg albumin solution in a test, tube and heat to 
boiling. The change of the solu\)le albumin to a coagulated form is 
typical of the behavior of many soluble proteins. 

To show the coagulating effect of the enzyme rennin, add a pul- 
verized junket tablet to half a test tube of milk. Warm the mixture. 
In this case the milk protein, 'casein, is quicldy coagulated by the 
enzyme rennin; of which the junket tablet is composed. 

7.20. Dyes and Dyeing 

The coloring or dyeing of fibers is ' an ancient art. In the early 
day§ natural pigments or dyes were used ; now. most dyes are synthetic 
organic compounds. The problem of satisfactory dyeing is not, how- 
ever, limited to the production of a compound of appropriate color, but 
is complicated by necessity of causing the dye to adhere to the fabric. 
The molecules of some dyes have groups by which they become at- 
tached to certain fabrics. Other dyes require an adsorbing material 
(mordant) to attach the dye molecules to the fiber. A direct dye is one 
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which is satisfactory when used alone. Since the nature of the fabric 
is also very important, dyes which are direct dyes for cert^n fabrics, 
such as' silk or wool, may not be direct dyes for other fabrics, such 
,as cottoii. " 

a. Preparation of a Dye-Like Material, Phenolphthalein. There 
are many dyes whose color in solution depends oil- the acidity or alkalin- 
ity of the solution. Such a dye is called an indicator; phenophthalein 
is a very- important example. . 

\ Place 0.1 gm. of phenol and an equal weight of phthalic anhydride 
in a test tube, add 1 drop of concentrated sulfuric acid and heal gently 
in and out of a small bunsen flame until the anhydride is just melted. 
Continue heating gently for about three minutes. Allow the test tube to 
cool and add 5 ml. of distilled water and just enough llV sodium hydrox- 
ide solution to effect a color change. Filter the resulting solution and 
add sufficient IN hydrochloric acid to remove the color. Observe that 
the color may be restored by adding an excess of sodium hydroxide. 

b. Direct Dyeing. Prepare a dye b^ by adding 10 ml. of 0.5 
percent methyl violet solution to 90 ml. ofi water in a 250-ml. beaker. 
Heat the solution to boiling and place a piefce of wool in the hot bath. 
Remove the flame and allow the wool to' remain in the bath for two 
minutes. Remove the cloth and wash it with water. 

Repeat the above procedure, using cotton cloth instead of wool and 
using the same dye bath. It will be observed that, while the wool fibers 
retain a substantial amount of the dye, very little dye is* retained by the 
cotton fibers. Retain t^ie dye bath for activity 7.20c. 

It can be shown, however, that cotton fibers do have the capacity to 
retain certain dye materials (substantive dyes) and that Congo red is an 
example of such a dye. Prepare a Congo red solution by dissolving 0.5 ' 
gm. of sodium carbonate, 0.5 gm. of sodium sulfate and 0.1 gm. of 
~ Congo red In 50 ml. of water. Heat this solution to boiling and immerse 
a strip of wet cotton in it. Continue the boiling for five minutes. Re- 
move the cloth, rinse it, and note that the dye is finnly attached to the 
cloth. 

c. Mordant Dyeing. Most dyes 'will dye animal fibers (wool, silk)" 
directly, but will dye vegetable fibers (cotton, linen) only when mord- 
ants are used. In this case the mordant attaches itself to the fiber and 
the dye attaches itself to the mordant. ' • 

Prepare a mordant solution by dissolving 0.5 gm. of tannic acid in 
100 ml. of water. Heat the tannic acid solution to boiling and place a 
piece qi cdtton cloth, such as cheesecloth, in the hot sohition. Reheat 
the methyl violet dye bath used in the direct dyeing process. Transfer 
. the cotton cloth to the dye bath after first squeezing out the excess tannic 
acid solution. After two minutes remove the cloth from the dye and 
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wash it with water. A eomparison of the resuFts of the procedures in 
which the cotton was placed directly in the methyl violet dye bath and 
then later was first treated with a mordant shows the effect of the 
mordant. 

d. Vat Dyeing. Certain dyes, because of solubility characteristics, 
are most readily applied to^cloth in a reduced and colorless form. The 
dyes develop color when they are oxidized 'by exposure to aid. Indigo 
is such a dye, and its behavior is typical of dyes in this group. 

Prepare a colorless solution of indigo by placing 10 ml. of distilled 
^ water in a 6-inch by Linch test tube. Heat the water to boiling and- then 
add a pea-sized pinch of indigo blue powder. Stir this mixture, and add 
0.5 gm; of ferrous sulfate. Again stir the mixture and add 30 ml. of 
concentrated ammonium hydroxide. Place the tube in a 250-ml. beaker 
containing' 200 ml. of water which has been heated to boiling. Allow the 
test tube to stand in the beaker of hot water until the solid material has 
settled, leaving a considerable portion of clear liquid. Wet a piece of 
cotton'cloth and dip it into the clear liquid in the test tube. Remove the 
cloth, note the color, and observe the change which occurs as the cloth 
IS exposed to air for several miliutes. Note also that the colored indigo 
is insoluble in water and is retained by the cloth when the doth is 
rinsed or washed. 

7.21. FuelCeUs 

The fuel cell can c6nvert chemical energy released by the oxidation 
of a fuel directly to electrical energy. It is this ability of convertiiig 
chemical energy directly to electrical energy continuously and with 
twice the efficiency of the most modem power plants of today that has 
spurred research efforts into fuel cell development. 

The fuel cdl differs from the ordinary dry cell or storage battery 
in that the electrodes are not consumed. The fuel and oxidant are sup- 
plied to the cell continuously during its operation and react at their 
respective electrodes to produce electricity. Modern fuel cells use gaseous 
fuels, either Ha or GO or mixtures of these gases. The oxidizer is nor- 
mally oxygen or arh\^^ 

The principles of ihe^fuel cell can be demonstrated by using a rela- 
tively simple, unpressurized cell which works at ^om temperature, 
using methyl alcohol as a fuel and oxygen from the air as an oxidant. 
Basically, the cell consists of a fuel electrode and an oxygen electrode. 
. Both are immersed in an electrolyte which is a solution of potassium 
hydroxide in water. The fuel, methyl alcohol, is mixed with the po- 
tassium hydroxide solution. Air is Bubbled over the oxygen electrode. 
The following equations show the reactions: 
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At the fuel electrode: 

CH3OH + 40H- HCOOH + 3H2O + 4 electrons 

At the oxygen electrode: 

O2 (gas) + 2H2O + 4 electrons 40H- 
Net reaction: « 

O2 + biaOH HCOOH H2O 

Additional information may be obtained by requesting the pamphlet, 
How To Make a Demonstration Fuel Cell from the Esso Research and 
Engineering Co., 0. Box 45; Linden, New Jersey. See also reference 
7R'6. 
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Metals anil Metallurgy 

8.01. Position of Metals in the Periodic Table 

Use the periodic table as a point of reference to iUustrate the chemical 
and physical properties of metals (see pages ,334^335) . Relate to ac 
tivities 2.21 and 2.22. ° ' , , o,. i. » , i 

Have pupils locate the metals in the periodic table. Show that metals 
represent a majority' (approximately 75 percent) of the elements. Em- 
phasize that there is no hard and fast line between metals and nonmetals, 
as sho^vn on many charts, but a more orjeas gradiaal transition. 

The physical and chemical propertie^f metals are generally related 
to one or more of the following: 

• Number of protons and neutrons in the nucleus 

• Number and completeness of the inner electron orbits ^ 

• Probable relative position of shells and subshells 

• Atomic and ionicvradii 

• Number of valence electrons 

• Type and strength of bonds ' ^ 
When comparing the properties of '-a^^ it is suggrated that datt^ be 

' recorded by the pupils on dupUcated adaptations of the periodic table ^ 
as described in activit^ 2.22. By adopting this procedure, flie teacher 
may give pupils practice in using reference sources. When the informa- 
tion is pooled and recorded on the duplicated sheets, any possible gen- 
eralization is immediately obvious. Another possible manner for record- 
ijig the data is shown belo\v. 
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8.02. Metallic Luster 

Metals possess certain physical properties which are due to the metallic 
lattices of their crystalline forms. Recall the lattice structure of crystals 
and the type of bonding which occurs in the structure. 

The metallic lattice may be considered to consist of a definite arrange- 
ment of positive ions and a cloud of valence electrons. Although the elec- 
trons are free to drift throughout the lattice, the crystal is held together 
by the attractive force between the positive ions and the electron cloud. 

Mobile electrons in the lattice are responsible for the luster which 
metals display. As light strikes the surface of a mefal, it prgbably affects 
the electron cloud and causes the electrons to emit visible electromagnetic 
radiations. The net result seems to be that the electrons reflect back the 
light which causes a luster. Nonmotals may ''reflect" light in a similar 
manner, but only to a slight degree?^ 

^ a. Display samples of common metals such as aluminum foil, copper, 
fl'^Sir"' silver (coin) and gold foil. Ask pupils to determine what 
common property the samples have. 

o. Cut^diagonally across a closed box, such as a shoe box. By means of 
fine thread xof varying lengths hang several dozen mirror-like sequins 
from the top of the box. Rock the box to get the sequin electrons "drift- 
ting," and shine the beam from a flashlight into the box.^Note how the 
light is reflected (see ^ia^m 8.026). Compare the results with the 
way a metal obtains itslust^. 



Insulal^cd copper wire 



Knohs 





6.02 b 



--Bare wire 
6.04.0 



c. Demonstrate the silvery appearance of freshly cut sodium and 
potassium as examples of uncommon and active metals. Ask the pupils 
to propose an hypothesis /to explain why' the luster disappears. 
t 

8.03. Malleability and Ductility of Metals 

The forces within a lattice determine the malleability and ductility 
of a metal. If the principal force is uniform in all directions, the positive 
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ion can be transferred from one lattice site to another easily, thus 
changing the shape of the metal. Essentially, the uniform force is that 
between^lhe positive, ion and the electron cloud within the lattice. 

When covalent bonding occurs and causes strong directed forces to 
exist between adjacent positive ions, there no longer is a uniform force 
in all directions. The metal tends to be brittle rather than maljeable. 
Metals of Group 1/4 are good examples of metals showing malleability. 
Many of the transition elements tend to be brittle. 

a. Malleability of Copper. Demonstrate the malleability of copper. 
With a ball peen hammer pound a sheet of light-gauge copper into an 
ashtray. The wooden form for ashtrays is usually available from the art 
department or; school shop. 

b. - Malleal^ility of Lead. With , a ball peen hammer pound a lead 
fishing sinker^ into a "sheet." ^ 

c. Ductility of Metals. Illustrate ductility by passing around wires 
of different gauges and composition. 

d. Changing Ductility by Heating. Bend a bobby pin back and 
•forth several times to show its ductility. It is difficult to break it by 
bending and flexing. Heat the pin to redness in the bunsen flame and 
quench by plunging the pin into cold water. The bobby pin is brittle now 
and can be broken easily into pieces. 

8.04. Conductivity of Metals 

The drifting of electrons in the metallic lattices allows metals to 
conduct electricity. Since the electrons are able to absorb heat energy 
easily 'and transmit it from place to place, metals are good conductors of 
heat. Generally, metals in groups lA and IB are the best conductors of 
heat and electricity. 

Compare metals with nonmetals with respect to thermal and electrical 
conductivity. Refer to activity 2.21, genefalizations and 18. 

a. Show that metals are generally good conductoi^ of electricity. Con- 
ne^t a bell or buzzer in series with a dry cell and two leads, as shown 
in diagram 8.04<i. Demonstrate that the bell will ring only when the 
circuit is completed. 

(1) Place a ^rip of metal such as aluminum, silver, copper or iron 

across the leads. 
((2) Press the leads into a piece of sodium or potassium metal. 
(3) Place the leads in a "puddle" of mercury. 

b. Support several strips of metal of equal length such as iron, 
aluminum, copper and tin, so they may be heated from one end. At 
the other end of each strip adhei^ a copper coin by mean& of a drop 
of paraffin. Heat the metal. When the paraffin melts, the topper coin 
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drops. Compare the conductivities of the metals. 

c. Obtain cooking pots of several ^ifferent compositions such as 
copper, iron, aluminum and stainless^ steel. Place 500 ml. of water at 
the same temperature in each pot./CompaRB the times required to heat 
each volume of water to bcPilin^ Some pupils may wish to produce a 
bar graph of the results. Not^ Be suic the cooking pots are clean on 
the bottom. Consider other^iincontrolltd factors. 

8.05. TensUe Str^^gth 

Illustrate the differences in tensile strength between different metals. 
Use two wires of th^ same length and diameter (No, 24 or 28 gauge). 
Support the wires from one end. Add weights until each breaks. The 
tertsile strength varies directly with the force needed to break the wire, 
and i^ a measure of the cohesive force between adjacent molecules over 
the en tire|' cross-sectional area. 

\8.06. Differences in Melting Points and Boiling 
Points of Metals 

\ The differences in the melting points (and boiling points) of metals 
4re related to their atomic structures and to forces between individual 
a!toms. See activity 2.21,. generalizations 20, 21, 40, 46 and 47. A graph 
oi'-the periodicity of melting points is suggested in activity 2.22. 

a. Into a cavity in a block of dry ice pour some mercury. After the 
mercury has hardened, remove it from the dry ice; and place the 
solid mercury in a beaker. Observe what happens as the solid mercury 
warms to room temperature. 

6. Obtain two similar porcelain crucibles. Into one place a known 
weight of tin, into the second an equal weight of lead. Heat the cruci- 
bles. Note which metal melts first. 

c. Repeat the procedure in b, substituting copper or zinc for tin. 
Check the melting points of the metals to explain the results. 

d. Hold a small piece of gallium rn the palm of the hand. The body 
heat will be^sufficient to melt the metal (se^ reference 8R-1). 

8.07. Chemical Properties of MetaJs 

As indicated in activity 8.01 the chen^ical properties of metals are 
related to many factors including the composition of the nucleus, the 
number and arrangement of electrons, and riie radii of the atoms and 
ions of the metals. In discussing metals these are some of the factors 
used to explain the following: <> 

• Tendency to lend electron^ and form positive ions 

• Tendency to combine with nonmetals 
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• Tendency to fonn bases > 

• Relative activity 

• Occurrence of their compounds 

• Stability of their compounds 

• Energy required to reduce them from their or€$ 

As appropriate in the discussion relate the met^S to their positions 
in the periodic table and to activity 2.21, g^neriflizations 23 29, 31-34, 
3&38, 42-45 and 55-64. t 

8.08. Metals Form Positive Ions 

One of the characteristics of metals is that they tend ro lend electrons 
^and form positive ions. 

a. Show that metals may produce a flow of electrons which causes 
a buzzer to ring or an electric lamp to light. Arrange the apparatus 
as shown in diagram 8.08a. Connect a spiral of copper wi/e to one post 
of an electric doorbell or buzzer. Bunch together SO cm. of magnesium 
ribbon, and attach it to a lead wire by means of an alligator claiqip. 
Fasten the other end of the wire to the second post of the bell. Lower 
the copper coil and magnesium ribbon into a 250-ml. beaker contain- 
ing dUute sulfuric acid or hydrochloric acid. A flow of electrons oc 
curs (electric current), and the bell will ring. Similariy, a miniature 
lamp (1.5 V.) may be substituted for the bell or buzzer. For an 
alternate demonstration, use zinc in place of magnesium. 
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Point out that there is no net gain cr loss of electrons in the system. 
The electrons lost by the magnesium v/hen it is oxidized are gained by 
the hydrogen ions when they are recXuced to hydrogen. 

b. The electrolysis of a silver nitrate soli|^on illustrates the tendency 
of a metal to form positive ions and to be attracted to the negative 
pole. Dissolve 10 gm. of silver nitrate in 90 ml. of water. Place the 
solution in an electrolytic cell or beaker. Using a strip of copper as 
the cathode and a graphite rod as an anode in the beaker, assemble the 
apparatus as shown in diagram 8.086. Pass a low- voltage (6 to 12 
volts) , high-amperage direct current through the solution for a few 
minutes. Silver will deposit on the cathode. 

Similarly the electrolysis of copper sulfate solution will produce 
copper. Use a copper anode and a graphite cathode 
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c. Fill a U-tube with a solution .containing 10 gm. of sodium iodide, 
several drops of phenolphthalein and 10 ml. of co4| starch solution 
in about 100 ml. of water. Insert electrodes as showirin diagram 8.08c 
and electrolyze. If a 110-voh d.c. generator is not available, substitute 
a 6- to 12- volt d.c. source. If the source of lower voltage is used, the 
lamp should be removed from the series circuit. If the higher voltage 
is used, color chiangei^ccur more rapidly at the electrodes. A red 
color at the catho(^Jndicates the formation of sodium hydroxide; a 
deep blue color at &e anode indicates the formation of free iodine. 

Although hydrolysis of the sodium iodide causes a faint pink color ^ 
when the phenolphthalein is -added, the color will become more intense, 
as the hydroxide is formed. If a brownish color is observed at the anode, ^ 
iodine is dissolving in the sodium iodide solution. Increase the amount 
of starch solution Xo obtain the blue color. 
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8.09. Activity Series 

a. The electromotive scries (activity series) of a group of metals can 
be experimentally determined by a series of simple experiments using a 

Daniell cell. ' j i \ 

(Jl) In a Daniell cell, a ^tential difference (measured m volts) 
exists between the^two electrodes. The ma^itude of this potential dif- 
ference indicates the tendency for the cell reaction to occur. Act^jolljvthe 
observed voltage rises from two sources: the voltage at the anode^d the 
voltage at the cathode, ^nce it is impossibb to measure the voltage at 
either of the electrodes separately, a standard electrode has to be set up. 
A hydrogen electrode is used as the standard, and its voltage is arbitra- 
rily taken as zero volts. The observed voltage of any Daniell cell with a 
hydrogen standard electrode is really the voltage of the other electrode. 
The term oxidation potential is used to describe cthe latter electrode's 

voltage. '1 . in: 1 

Although the hydrogen electrode presents too many practical difficul- 
ties for the average high school laboratory, the relative electrode poten- 
tials of metals can be- determined quite easily by the use of a zinc 
electrc^e as, the reference eledrod^. The zinc electrode potential is 
taken at 0.76 volts. A 

Set up the Daniell cell as shown in diagram 8.09a, and measure 
its e.m^r by means of a voltmeter. The porous cup, previously soaked 
in potassium ^mtrate solution, contains IM zinc sulfate solution and a 
zinc electrode. The beaker contains iM aluminum chloride solution and 
% strip of aluminum. , ^ — v" 

Take the reading on the voltmeter. Reverse the connections if the 
voltmeter needle is not on scale. Theoretically, the reading( Will be the 
difference between the electrode potentials of the two metals involved. 
• . (voltmeter reading =: electrode polentiaUi — electrode potentialzn) 
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Since the electrode potential for aluminium is 1.67 vdts and that for 
zinc i:^ 0.76 volt, the voltmeter reading should be 0.91 volt. 

(2) Using the procedures mentioned above, dip the porous cup with 
the Wnc ions and a zinc electrode successively into beakers containing 
IM solutions of ferrous sulfate, copper sulfate, silver nitrate and lead 
nitrate. Each beaker should have the appropriate metal electrode: iron, 
Copper, silver or lead; respecJlively. Take the voltmeter reading in each 
case. Be sure to rinse* the cup with distilled Water before placing it in 
the next solution. The order in which the metals and their solutions are 
UBed above i^pjxpportant i^asofar as avoiding precipitation is concerned. 

If there is difficulty in getting- the voltage reading for aluminum, dip 
the electrode into mercuric chloride solution. The treatment makes the 
oxide film sufiBciently porous so that the true activity of the aluminum 
becomes manifest. ^ 

The teadher 'toay assigfa part of the work td^ groups of pupils, each 
group being responsible for the determination of one metal's oxidation 
potential* 

^ Aa^iinge the voltage readings with the corresponding metal jn de- 
creasing sequence. Note th^t the sequence corresponds to the order of 
the same metok in the electromotive force or activity series. Point out 
that the electromotive series is another name for the list of oxidation 
potentiUls. 

6. The activity of metals is defined ^as the ease of losing electrons. 
The more easily a metal cart displace another from its compounds, the 
more active the displacing metal is. A coi^parison of the displacing 
ability of metals provides another method for developing the electro- 
motive or act}vity series. P ' 

Place six test tubes in a rack, and into each pour about 15 ml. of one 
of t^e following solutions v sulfuric acid, /copper sulfate, silver nitrate, ^ 
lead nitrate, aluminum sulfate and rnercurous nitrate. Place a strip of 
freshly sandpapered zinc in each solution. Allow the materials to stand 
for several minutes, and observe whether or not reactions are occurring. 

Reactions occur in all cases except^^that with aluminum sulfate. To 
determine that ^ reaction ^has occurred with the mercurous nitrate, 
remove the zinc from the solution and mib a finger across it. A shiny 
deposit of n^rcury amalgamated with the zinc will be noted. The amal- 
gam is v^t^ soft compared with the original zinc. CAUTIOH: Be sure 
to rinse the hands after handling the i:inc to hvoid merdury poisoning/ 

The zinc is found to be more active than hydrogen, copper, silver, 
lead and mercury; but it is less active than aluminum. 

In a similar manner place strips of copper in test tubes«>containing 
the salt solutions. Use zinc sulfate in place of copper sulfate. . 

Place some mercury in a cloth bag, and suspen(^the bag in a solution 
of silveir nitrate for several hours. 
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Compare the data obtained from each section of the experiment. List 
a metal s<; it b above aU metals it can replace from soluUon. 

Check the resulting activity series with the one developed m activity 
8.09a A very complete and detailed list is available in chemical hand- 
books under the topic of "oxidation potentials" or "oxidation-reduction _ 

♦'potentials " ^ , « /^^f • i_ 

c Compare the lists prepared in activities 8.08a and 8.096 with the. 
electromotive series shown on page 336. When the liSt was originally 
printed, caldum was shown to be above sodium (instead of the reverse 
as shown in some sources) . In r^ponse to inquiries, an article enUtled 
"K Na, Ca or K, Ca, Na?" was prepared by Elbert C. Weaver and 
Laurence S. Foster. A portion of this article, which first appeared in 
the 1956 fall issue of The Science Teachers Bulletin,- is reprinted with 
permbsion of the puWbher, Science Teachers Association of New York 
State, Inc. 

The Reference Tables for Cfoemiatry, published in January 
1956 by The University of the State of New York for use with 
the Regents Examinations, gives the order K,Ca, Na. This order 
may be contrary to that taught in some New York State schools 
But obviously the publication of a list does not settle a question 
of chemical activity. Let us examine the facts that are behind, 
the list. " ' 

Replacement Experiment Misleading 

"Why cannot this matter of activity be settled by the usual 
^ 'simple experiment?" you may ask. A number of beakers, each 
ShiLg dilute sulfuric acid at the same concentraUon and 
Sm^e^urrare lined up. To them are added in turn 
. nieces of copper, lead, iron, zinc, magnesium, calcium, sodium 
and DOtassii^. The increasing rate of evolution of hydrogen 
fro/£"o beaker is a khid of measure o the activity of 
the metals An arrangement of these metals in the order in 
whichXv seem to liberate hydrogen from dilute acid may be 
^^^^I reptacement serieJ. This observation, however, ,s 

™^Tt^rW obrerver noticed during the reaction that potas- 
sium (melting point 62,3° C.) and sodium (m. p. 97^5 C) 
melted during the reaction, while calcium (m. p. «10 I..) ana 
Te other^tals did not. In two cases only , was the reaction 
' between liS metals apd acid. In all the other cases the solid 
^Ss reaS Furthermore, the metals are not entirely pure 
^nd their surfaces are not uniformly free of °''};J<^\«"d other 
imnurities. The products of the reaction (other than hydrogen) 
irSle (as L sodium hydroxide) case^ prac 

tically insoluble (as is calcium hydroxide) in others The heat 
evolved to form hydrated ions from free ions amounts to 77 
Teal/mole fir K, 395 for Ca, and 97 for Na, a wide vanaUon., 
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Conditions Must Be Noted 

It is well known that the order g( chemical activity changes 
with varying conditions. Ipatieff (Jour. Chem. Educ, 30, 110, 
1953) reports the replacement of Cu, Ni, Co, Pb, Bi and Sb as 
beautiful crystals from their aqueous solutions by hydrogen 
under pressures ranging from 100 ^o 600 atmospheres and tem- 
peratures from 120^ C. to 330^C. Our' replacement list now 
takes op some of the characteristics of the batting order of a 
baseball team, capable of change at the discretion of She 
< manager. 

Suppose that we try to settle the replacement order by an 
experiment between melted sodium chloride and metallic cal- 
ciTMn, and again between melted calcitmi chloride and metallic 
sodium. Will Ca replace Na from NaQ or will Na replace Ca 
from CaCla? The results of the experiment do not give a 
cl6ar.cut answer to our questions. In this case, regardless of the 
melted salt and the elementary metal with which we start, we 
always end with a mixture of melted NaCl and CaQg and a 
metallic layer contammg bpth metallic Ca and Na. No matter 
which pair is used at the start, an equilibrium condition is 
reached. 

2Na + CaCIg ^ Ca + 2NaCl 

A cominercial method of producing metallic potassium is to 
replace it from a fused salt, such as potassium sulfide (iLs) by 
sodium, iron, aluminum or magnesiurti. (C. A. Kraus, Jour 
Chem. Educ, 30, 35, 1953). j . 



Free Energt Measure^ 

Now let us turn to more fruitful answers. By activity we mean 
t^dency to react. The driving force of a chemical reaction is the 
free energy. The reader is referred to General Chemistry, 
Faulmg, Freeman, 1956. A simple method to measure Tree 
energy IS to determine the voltage at 25** C. in a carefully spcci- 
fied voltaic ccll.l It is customary to use the standard hydrogen 
electrode as on^ pole and a half-cell containmg the metal as 
electrode in a solution of its ions as electrolyte as the other 
pole. The two half-cells are connected by a salt-bridge The 
observed voltagd of the cell is computed for a s61ution of metal 
ions having an Activity of one (approximately 1 Normal) This 
voltage IS read as the "standard electrode potential" of the 
metal, as ineasufed against the hydrogen electrode as standard 
(with a value of zero). Froih such an experiment, copper in 
r?^^J^nn ^^^'^^flJ^ows a voltage of -0.3448 volts, similarly cobalt 
/+0.277, and zinc +0.7620 volts. On this scale the elements 
^potassium, calcium and sodium pive values 2.924, 2 87 and 2 714 
respectively. The order K, Ca, Na is then established from' the 
standard electrode potential table which is in turn a measure of 
tree energy or of drivrnj? force to react. Calcium, then, is slightly 
more reactive than sodium. 
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How are electrode potentials determined for such reacUvc 
metals as sodium or calcium? The usual experimental method is 
to use a dilute amalgam of the metal dissolved m mercury. Ihe 
electrode potential is measured while the amalgam drops f ronva 
capillary, thus giving continuously a fresh surlace of the 
amalgam in contact with the solution. 

Knowing the standard electrode potentials makes it possible 
tol>redict by well known equations what the half-cell values 
will be under other conditions. R. M. Bums (Jour. Chem. 
Educ, 30, 318, 1953) has derived a graph which shows the ettect 
of concentration changes on electrode potential. From this graph 
it is simple to predict the^ effect of wide changes in the solubiUty 
of metal salts on the activity. Such predictions are usetul m 
explaining corrosion of metals. 

Professor William T. Hall wrote an article in 1944 on "High 
School Instruction on the Electromotive Series (Jour. Chem. 
Educ , 21, 403, 1944) . In this article he explains at greater length 
the concepts given in this short review. The condusion is that 
the experimental facts support the order K, Co, Na that now 
appears in the Reference Tables for Chemistry. 

8.10. Metals Combine with Nonmetals 

Show that some metals may combine directly with nonmetals by the 
use of the following exercises. 

o. Into a bottle of chlorine gas sprinkle powdered antimony or zinc. 
Sparks will be seen. 

6. Heat a strip of alun^inum foil or steel wol in a bunsen burner, 
and then insert the metal mto a bottle of chlorine gas. Combustion will 
occur immediately. This is an example of an exothermic reaction. 

c. Grasp with tongs the end of a short strip of magnesium ribbon 
and ignite the other end in a bunsen flame. The light emitte^ contains 
a high percentage of rays harmful to the eyes. Without lookfhg directly 

. at the ribbon, note that it burns quickly witli a irilliant light. Examine 
the pDwder formed and compare it with the cfriginal metal. 

* Ask advanced students to "guess" if any product other than mag. 
nesium oxide is formed. The nitrogen from the air can react with 
magnesium at the temperatures produced by the burning. The mag- 
nesium nitride appears as a yellowish solid. 

d. With tongs insert a wad of steel wool into a burner flame. A 
vigorous reaction will occur. 

Repeat the procedure with a large piece of steel or iron. Ask the 
pupils to explain why the action was vigorous with steel wool but not 
with a large piece of iron. 
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8.11. Metals Unite with Noumetals in a Definite 
Proportion by Weight 

The law of Definite Proportions can be illustrated with the following 
exercise. 

, Weigh 1 gm. of zinc powder and 1 gm, of powdered sulfur. Mix 
them together on a filter paper by folding the paper back and forth. ^ 
. Pour the mixture on an asbestos square. 

Make a second mixture using 2 gm. of zinc and l^^gra. of sulfur, 
and a third mixture using 3 gm. of zinc and 1 gm. of sulfur. 

Set the three mixtures in a row under a hood or other well- ventilated 
place. CAUTION : Ignite one after the other with the flame of a burner 
held at arm's length. Note which of the above ratios by weight bums 
the best and has the least free zinc or free sulfur in the produci From 
the balanced equation of the reaction compute the approximfij^e ratios 
of zinc to sulfur l)y weight (see activity 1.186). 

8.12. Chemical Properties of Metals 

To show that typical metals react with acids to form salts, insert V 
strips of aluminum, zinc, tin and iron into test tubes coritaining dilute 
hydrochloric acid. Show that the metals ionize and form salts. Evapo- 
rate solutions to dryness to recover the salts. 

Repeat the procedure using dilute sulfuric acid. Alert the pupils 
to observe any difference in the rate with which the metals react with 
the acid. Formulate a hypothesis! to explain' why the reaction rates 
are different. Refer to the electromotive series to test the validity of 
the hypothesis. Relate to velocity of chemical changes (see activity 
9.02). / 

i 

8.13. Metals Tend To Form Bases > 

if 

a. Demonstrate that the active metals (see the electromotive series, 
page 336) replace hydrogen from cool water and that the resulting 
solutions show basic properties when tested with either litmus or 
phenolphthalein. ^ , 

(1) Add a pea-sized piece of calcium to cool water in about 300 
ml. of water. Test tjie solution with an indicator. ' 

(2) TEACHER D^EM6nSTR°AT10N ONLY: Add a small piece of 
sodium or potassium to a 500;ml. beaker nearly full of cool water. 
The reaction is vigoTons. CAUTION : Use^ajpearsized or smaller^ par- 
ticle of the metal to avoid an explosion. Test the solution with an 
indicator. ' 

. f 

Ask pupils to formiflate an hypothesis to explain why the rated qf 

* • \ ' \ 
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reaction seemed to be different. Check the acUvity series to test the . 
hypothesis. See the article reprinted in activity ^8.09c for the explana- 
tion of why the more active calcium may react more slowly with 
water than does the less active sodium. Refer to the Table ^1 Solubih- . 
ties on page 336 and compare the solubilities of Ca(OH), and Na0H. 
' Relate to velocity of chemical changes (see acUvity 9.04c) . 

b. Illustrate the formation of insoluble hydroxides. Refer to the 
table of solubilities for the solubilities of hydroxides. 

(1) Dissolve approximately 1 gm. of ferric chloride in 50 ml. ^f , 
water. Add a few drops of ammonium hydroxide. The orange-colored 
flocculent precipitate, ferric hydroxide, is an insoluble hydroxide. 

(2) Add som^ calcium hydroxide (lime water) to a solution of 
aluminum sulfate. Note the formation of aluminum hydroxide, an 
insoluble hydroxide. 

8.14. Chemical Occurrence of Ores 

The ores of most metals contain the met^ in the combined or oxi- 
dized state. ReducUon of the ore is necessary to obtain the metal. The 
method of reduction used depends upon the, activity of the metal and 
the type of ore in which it is found. 

a Make an exhibit of typical minerals illustrating oxides^ sulfides, 
' carbojtjat^, chlorides and sulfates or^s. Such an exhibit may contain, 
among others, specimens of: 
. Bauxite ^ \ . Camallite 

Iron pyrites ^iderite 

Galena thalcopyrite 

Hematite' ^^^^ ^^PP^^ 

Magnetite JlzuTite 

Malachite ' ySphalerite 

Halite X Uraninite 

Fluorite ' C;ypsum 

b. Plan a field trip to a nearby museum which offers a mineral 
coUecUon. If previous Arrangements have been made, the njuseum 
generally offers a special guided tour. (See appendix. C for suggestions 
on field trip!s.) , - 

c. Frequently, there is a member of the community who has a rock- 
collecting hobby. The teacher; may arrange to borrow rock specimens 

^ or to have a few pupils see th^ collection and report back to the class. 
. The rock coliector ir^y be wilting to show his collection and talk with 
the class at school. ' * 

d. New York Sjtat^ has rich ore de/osits, the most important-oi j 
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whiqh include those of iron, sine and titanium. Lead onA a small 
amount of silver are obtained as byproducts qf zinc mining. Other 
important minerals mined in the State are limestone, s^lt, talc, clay, 
sand, gravel, garnet and emery. Diagram 8. i4(/ shows the distribution 
of mineral resources in N^w York State. ^ 

8;J5. Solu^ces of Metals 

Metals ar&-|ound either in the combined or native state in minerals 
in the earth's qrust (see. reference 8R'2), 

a. Refer the pupils to the OjCtivity series. Ask them to propose a 
list of metals which .v/ill be difficult to release f^om their compounds. 
Likewise ask them to propose a list of metals ^that may be found 
uncombined in natUr^. 

6. Use the heats of;. formation found \i} a chemicJil handbook as a 
me^ns of explaining why it is easier to obtain a metal from one ore 
than from another. 

." * 
8116. Obtaining Active Metals , ".^ 

Active metals may be obtained by the electrolysis' of' their fused 
compounds. However, die commercial preparation of many metals 
Involves a method which is cheaper than the ql^ctrqlytic process. 

ctt Duplicate a^ skeleton periodic chart on which only the group and 
period riumt)era are marked (see activity 2.22). With a colored J)en9il 
have the pupil , shade in the area of the periodic chart where the 
eleipents obtained by electrolytic reduction a^ lisled. As other general, 
methods of extraction are studied, have the pupil shade ih the appropri- 
ate sections with colored pencils. Pmnt out that organizing .information 
Into large general areas is j^arding study technique. -Refereriqe 
8R-3 presents another (organization based upon the periodiJi^ chart. 

6, TEACHER DEMONSTRATION ONLY: The Downs process can 
be imitated in the laboratory by usingydry sodiuta chloricfe mixed 
with a small amount of sodium carbonate a clay or platihuiA crucible 
(see diagram 8.16S?). The electrodes are made from' iron tipmbustion 
spoons. They ^re ijisulated for holding by means of , rubber tubjing at 
the -upper ends'ai^d bent at right angles about 3 inches from the lower 
ends §0 they may be inserted into the fused salt. Connect the electrodes 
to a 6*voJt'd.c. source with a variable resistor (rheostat) to control 
the current. A -6- volt d.c.^ power supply can be used as the current 
source and rheostat. To operate the cell, heat the salts until they melt 
(fuse). InsertSihe electrodes. Pass the current through the fused salts. 
When evidence of electrolysis appears, reduce the amount of current; 
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continue the reaction for several* minutes. Allow the salt to solidify 
before removing the electrodes. • 

Rcihove the cathode. Sodium particles become visible upon scraping. 
CAUTION: Wear goggles as a protection against spattering. Place 
the wkpie cathode in water. The characteristic sodium' water reaction 
takes place. Test, the water with litmus or phenolphthalein for evidence 
of a base. • 

Al the cathode is withdra\^n from the crucible while it is still hot, 
tJi^electrode will burst into flame and give tlie characteristic yellow 
color of sodium. ^ 

The red color at^ the anode results from the formation of ferric 
chloride. • * 
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c. TEACHER BEiONSTRAnON ONLY: CAUTION: Wear gog^ 
gles as a prolection against spattering and work under the Jkood with 
the door puUed down as far as possible. The Castner method of pro- 
ducing sodium metUl can he reproduced in the laboratory. Set up the 
apparatus as shown, in diagram 8.16c. Use a platinum wire as an 
anode, a silver ori,platfnum dish as a cathode and a 100-voIt d.c. 
source of current. ]flace a stick of sodium hydroxide in the dish, and 
bring the anode in contact with the Upper part of the stick. As the 
current . flows, tfie sodium hydroxide melts, ^nd silvery globules of 
sodium appear on the dish. Moistening the stick of sodium hydroxide 
increases thU.rate^f the reaction. " ^ 

d, TEACHER DEMONSTRATION ONLY: To obtain calcium os. 
magnesium metal, <use the apparatus and procedures given for. the 
Dowijs process in activity 8.166, substituting calcium or magnesium 
chloride. 
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e. Less active metals may be prepared by electrolysis in the 'labora- 
tory. Use a 6-volt d.c. source and carbon electrbdes in each case (see 
diagram 8.085). - . ' . / 

• (1) obtain silver on the carbon cathode, pa^ a current through 
a solution of silver nitrate. ^ • • 

(2) ,To obtain copper use a solution of copper sulfate as t^e elec- 
trolyte, ' 

(3) Tq^obtaia lead, tin or mercury, tise salt^^ solutions of the metal ^ 
desired as the electrolyte. . 

^Note: Adding some gelatin to each electrolyte will result in a 
smoother deposit t>f the metal on the cathc^de. ^ 

8. 1 7» Extraction of Aluminum 

a. Make a display of the materials used in the Hall process for 
extra9ting. aluminum from its orfi?. ^ free demonstration kit . con* 
taining samples of cryoUte, bauxite, alumina and^cast aluminum can 
be obtained, upon request, from the ^uminpn Company of America^ 
or the Reynolds Company. 

6. Refer t» any chemistry textbboK for a*^diagram and explanation 
of the Hall process. Point out that prior to the Hall process aluminum 
was considered to be more valuable man gold and that it was prepared 
by reducing the, oxide with sodium /metal. ^ \ 

8.18^ Sacrifiieial Extractions 

Sometimes it is not practical to reduce a napderately active metal 
in the usual manner with coke./ Limited supplies of 'ores of certain 
metals and the need for a smaJK^mount of metal for a specific job 
justify the use of a reducing mpal'that is mor^ costly than coke. 

a. Reduction by Magn<^sii|^. Bore a. small hole in a block of dry 
ice, and fill it with powdeirecl magnesium. Place a 2-inch leng^ of^ 
magnesium tibbon in the ppvydered metal to act as a fuse.^Igmte the 
magnesium riBbon with vijhe/ burner flame. After combustion occurs, 
note the black deposit ofrcarbon around the hole. The magnesium 
burned by using the oxyj^^n of the carbon dioxide. 

b. Reduction of Ir^i/V Oxide wi^k^S^uminum (the ThiSfmit 
Reaction). TEACHER mMON ST RAT ION ONLY: CAUTION i Wear 
goggles and gloves. The /following reaction provides a very spiectacular 
illustration of an exothermic reaction. A darkened room increases the 
effectiveness of the demonstrfi|ion. ' ' ^ 

(1) Place approximately 50 gm. of powdered aluminum and 50 gm. 
of iron (in) oxiS^ /together with 10 gm. of 'barium peroxide in a 
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small earthenware flowerpot supported on a ringsland. CAUTION: 
Barium peroxide and the thermite mixture may ignite prematurely 
during the mixing. Use a long stirring rod for the rnh^ing, and stand 
well bacL Commercial "thermite" mixtures and ignition powder will 
prove more -effective and consistent than the aluminum and -iron oxide 
mixture. The fuse is a 4-inch strip of magnesium ribbon. Place a thin 
sheet of copper or aluminum over the hole in the bottom of th^e flower- 
pot to prevent the mixture from falling through the opening.* cs 

About ID inches below the opening in the flowerpot, place a container 
with sand on which is resting a small pie tin filled with water or sand 
(see diagram 8.186). CAUTION: Stdnd back Ignite the ^use. Molten 
^ ir'on splashes around, runs through the hole in the flowerpot and eats 
a hole in the pie* pan under the water. See references 8R-4'5. 




Mq Fuse 

Thermite 
(Al+FeaOs+baOz) 



Aluminum 
foil - 



"Conl-amer 
with sand 



6.18 b 



(2) CAUTION: Use the same precautions as in (I) above. Put the 
reacting ingredients in a crucible- Vi^ich has a l/^-inch hole in the 
bottom. Mount the* crucible in the iron ring of a ringstand. Under 
the crucible place a vyoor crucible which is supported by a clay 
triangle on a tripod. As an added safety measure, place a pan of sand 
under the tripod holding the vycor crucible. Ignite the mixture. The 
molten iron will pour into the vycor crucible which will. crack but 
not break as the iron and slag cool. To remove the glass from the 
metal-slag material, "quench the vycor crucible in cold water. ^ ' 

c. Reduction of Manganese Ore by Aluminum. TEACHER 
DEMONSTRATION ONLY: CAUTION: Use' the same precautiarts 
as in activity 8.I8b(I), Molten manganese may spatter. Manganese 
metal is obtained by reduction with aluminum from manganese dioxide 
(pyrolusite) . The laboratory setup is similar to the thermite reaction. 
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Eqiidl quantities of powdered manganese dioxide and aiuniinuni are 
mixed with a small quantity of sodium peroxide^as the ignition powder. 
Magnesium ribjjon serves as a fuse. 

8.19v Reduction with Coke 

Moderately active metals are obtained by the reduction of their 
pxide ores wdth coke. Pupils can reduce a number of oxide ores in 
the laborator}'. ^ ^ 

a. Reduction of Lead Ore. Place a charcoal block on an asbestos 
. square. With the end of a metal file, dig out a cavity about 1/4 inc^i 

in diameter. Fi:ll the cavity with r^out a quarter of a teaspoonful 
of litharge (lead oxide). Insert a short piece of glass tubing wl\b 
fire polished ends into one end of a piece of' rubber tubing aboiA 
1 foot long. Attach the other end of the rubber^ube t© a blowpipe\ 
Put the glass end of the blowpipe apparatus in the mouth. Hold the 
blowpipe just above a yeilpw flame of a bunsen burner, and blow into 
V it. Direct the oxidizing flame on the litharge until small balls of^metallic 
^lead appear. s » . 

b. Reduction of Copper Ore. Mix 2 gm,. o£ copper (^1) oxide with 
5 gm. "of powdered charcoal in a pyrex test-tube equipped with a 

.delivery tube leading into a beaker of iifcewater. Heat the test tube 
briskly for about five minutes. Empty the test tube into an evaporating 
dish. Wash away excess charcoal. Bright colored copper is obtained. 
Identify the other product. formed. ' ' * 

c. Reduction of Zinc Oxide. Heat a i^ixture of zinc oxide (zi^cile> 
with powdered charcoal or coke in a pyrex test tube equipped with 
a 10-inch glass tube and a one-hole stopper. Zinc metal; being volatile 
at the temperature of the reaction^ will -deposit on the inside of the 
glass tube in the form of a blue powder (zinc dust) /See diagram 
8.19c. 
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S.20. The Blast Farnace , " ' ^ 

In industry irofi ore is reduced in -the blast furnace/ A simplified 
* model of the blast furnace can be constructed and used in teacBng 
the principles of the blast furnace operation. See activity 45 ip Using 
Chemicals, 

lis the blast furnace carbon is first converted <p carbon monoxide 
whioh is the actual reducing agents The principle of the redifclion of 
an ore \)dth carbon monoxide is )Dest shown by reducing Copper (II) 
oxide, wire form, With ordinary illuminating gas which contains carbon 
monoxide. Do not lise ^bottled or natural gaSi In diagram 8.20 the 
pyrcx test tube contains th^ copper oxide. The tube, is heated as the 
reducing agent is passed over the copper cxide. Metallic copper becomes 
visible within Several minules. Excess gas, is burned af the tip , as 
shown. . . / . 

^•21. Redaction of Sulfide Ores 

Before sulfide ores can be reduced witl^^coke, they must be roasted 
in air and converted into the oxide form: 

a. Roasting Copper Sulfide. Place about 10 gm, of copper (11) 
sulfide in a crucible, and heat -strongl-y ^with a bunsen burner. Stir 
the contents from time to time. Note the sharp odor of sulfur Vlioxide 
which is produced. Heat for 15 minutes -to convert the sulfide to an 
oxhide. /Add powdered charcogt and continue heating to rfeduce the 

^Qxide to copper. Lead sulfide may be roasted in a similar manner. 

b. Converting Zinc Sulfide to an Qxide. TEACHER '^ DEMON- 
STRATION ONLY: CAUTION: Usi the hood. Set up the apparatus 
as illustrated in diagram 8.2j6, Pass joxygen either itom'se generator 
(or tank) over hjot powdered zinc- sulfide. The sulfur dioxide gaa 
formed will decolorize the potassium permanganate solution. 
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c. Changing. Galena to Lead. A mo'del of a converter used to roast 
ores can be easily assembled from two tap hole bricks obtained from a 
local foundrj^. See diagram 8.21c. for setting up the apparatus. 

After the converter has been preheated, add a mixture of small 
pieces of trickettes (compressed (Mrcoal) and pojvdered galena ore. 
The flame coming from the top W the converter wiE change color 
when the reduction begins. Molten lead will drop out of the lower lap 
hole. 




d. Changing Cinpabar ta Mercury. Put some mercury (II) slilfide 
or powdered .cinnabar ore iiiito attest ^ube and heat it. Near the mouth 
of the test tube hold a strip of filter paper which has been wet with 
potassium permanganate Wjution. Identify the gas being\formed. 
Continue lo heat until all the sulfide is decompMed. 

Ask the pupils to explain why carbon is not needed as a reducing 
agent in this ease. Relate to the activity of the metal. 

8.22. Roasting Carbonate Ores 

*The'first step in the metdlurgy^of a carbonate' ore is to convert it 
to an oxi^e*^ * ; 

a. To show the decpfnposition of carbonates to the oxide form, heal 
10-gm. samples of copper carbonate, lead carbonate and-~ead«H«B* — 
carbonate in separate crucibles. Use* moderate heat and stir occasionally. 
Continue heating until the change^ appears to be cq^pleled. Add 
powdered charcgal; continue heating to reduce the oxides- to the metals. 

b. Heat to decomposition j25 gm. of zinc carbonate in a pyrei test 
tube. Pass the carbon dioxide gas formed into limewater. 

8.^3. Metallurgy of Native Ores 

Inactive metals are found in the .uncombined or native state. They 
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are • sometimes found in the sand of stream beds after having hcen' 
moved by running water from their original rock formation. Native 
metals are separated, from the other materials in fhe ore by mechanical 
means. Mining ore of this type requires a modern version of the earlier 
technique of gold panning (see reference 8R*6), 

^a. Wet Panning. A mixture of finely powdered galena and fine 
sand may be used to illustrate th£j3rocess of ,wet panning. Place some 
of this mixture or solne Black River sand'jn a pelri dish or pie pan. 
Hold thtj dish under a faucet from' which a small stream of water is 
flowing. Tip the dish slightly and swirl the water by moving thq. dish 
with a circular motion. Gradually the particles of relatively low density 
will wash out of the dish. Use a microscope to compare a sample of 
Nthe original material with the sediment in the bo{tom of the pan. 
• Liquids other than water are often used in wet panning. Extoiples 
are carbon tetrachloride, acetylene tetrabropide and methylene iodide. 
The choice of the liquid depends upon its specific gravity rela^^ to 
those of the ores to be separated: . ' j 

b. Concentration of Heavy Ores. Demonstrate the panning pro/ess 
by using a Kf-inch pie tin, crushed gold-bearing ore, an excess of 
ordinary mud and water. The ore is concentrated by repeated washing 
under the faucet or tap. 

' % * 

8.24. , Amalgamation 

Gold and silver are obtained commercially from pulverized washed 
ore by mixing with' mercury. The mercury amalgamates with the gold 
or silver. The liquid amalgam js separated from the gangue and dis- 
tilled. The mercury is collected in the receiving container, the native 
metal in the retort. f 

Make some silver amalgam by grinding silver foil and mercury 
together in a mortar. ^ 

' An alternate method for preparing the amalgam consists of grinding 
together several moistened silver nitrate crystals and 1 or 2 ml. of 
mercury in a mortar. It may be necessary to add 1^ ml. of water for 
a complete reaction to occur. The excess mercury dissolve the silver 
formed by |he single replacement reaction. Press the amalgam between 
seveijal thicknesses of filter paper and let it stand overnight. 

Place about % gm. of the silver amalgam^n a dry test tube and 
heat it gently. Observe and identify the deptisit which appears on the 
cool part of the test tube. CAUTION: Do not inhale mercury fumes; 
they are poisonous, , 

8.25. Parks Process 

Much gold and silver is obtained from the sludge of liie copper 
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refining cells. The metals in the sludge are dissolved- in molten lead. 
About 1 percent of molten zinc is added. Since the native metals are' 
about 3,000 times more soluble in molten zinc than in lead, most df 
the gold or silver goes into the zinc. The zinc solution rises to the 
top of the lead and cools to form a solid layer whjch can be lifted off. 
The zinc sublimes on heating; the gold or silver is left in the retort. 

Use an arialogy to illustrate this method. Dissolve some bromine in 
water; add carbon tetrachloride and shake. Note that the bromine is 

more soluble in carbon tetrachloride ihRti in water. 

<f ' , 

8.26. Principles of "^Concentration of Ores 

Concentration of ah ore involves the removals of unwanted non^ 
metallic 'minerak in order to make the metallurgy of ^be desiced 
mineral more economical. The process is carried out by a number of 
, methods based upon differences in the properties of the 'portions of 
tbe ore. Substances may be separated if they differ significantly in 
their: . , 

• Ability to be attracted by a magnet ' ■ ^ 

• Density 

• Ability to be wet by water 

• Ability to "attract" air bubbles 

a. SeparaJion by Differences in Magnetic Properti^s^ Prepar 
mixture of iron filings and sand." Put a magnet in a plastic bag, an 
pass the end of the magnet over the mixture. This is the principle 
K used in separating the magnetite, (iron) ore of jVorthern New York 
State from q^uartz impurities. Repeat the activity above but put the 
mixYure in a beakei' of w^er. Place the magnet in the beaker. Swirl 
the beaker. Compare the results of the wet and dry magnetic separa- 
tion. 

i b. Separation by Differences* in Density. Place a piece of coal 
- ' and * piece of slate in a jar. Fill the jar abnost to the Ijpp with a 
saturated zinc chloride solution, and seal* the jar. With respect to 
the solution of zim: chloride, the coal is less dense and floats while 
the slate is more dense and Sinks. 

c. Separation by Differences in Ability To Be Wet by Water. 
When a substance ran be wet by water, it is^said to bp hydrophylic. 
However, if it repels water, it is hydrophobic. 'Wool yam does not 
wet in ordinary water but will .wet if a detergent is added to it. 

(1) Fill two large beakers with water. Add dejergent to one of 
them and stir. Pour flowers of sulfur from both hands into the two 
beakers simultaneously. The siHfur^ does not penetrate the untreated 
water and exhibits a hydrophobic surface. In the detergent the surface 
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of the sulfur is changed to a hydrophylic one, and the sulfur pours 
like sand into the water. ^ 

(2) Add benzene, water and lampblack or powdered charcoal to 
a beaker. The benzene will wet the charcoal. Both wijl float on water. 

(3) Add carbon disulfide, water and lampblack or powdered char- 
coal to a beiaker. The carbon disulfide will ivet the charcoal. In this 
case the "ore" separates out on the bottom layer. \ 

Notci In these tiijree cases different Hquids wet the Surfaces. This 
is the basis for,selective adsorption. The density of the letting agent 
determines where the orfe will be collected. | 

d. Separation by^ Diff'erences'in Ability To Attract Air Bubbles. 
The ability to "attract" air bubbles is a variation of the ability of not 
being wet by water. When air bubtles are attached to ores, the average 
density of the air and ores is less than the density of the ore. If the 
average density is less than that of the liquid, the ore, and attached 
bubbles fibat on the surface. . 

Fill a test tube about one-quarter full of water. Add suflBpient borax 
crystals to saturate the solution and have some undissolved crystals in 
the test tube. Stopper the test, tube and shake it. Upon standing, the 
crystals will sink to the bottom of the tube. Add a slight amount of hydro- 
chloric acid. Boric acid crystal surfaces are formed. Again stopper the 
tube and shake, it. Note that air bubbles collect on the surfaces of the 
crystals. I 

Boric acid^ crystals have a non polar surf ice while borax crystals 
contain unsatisfied bonds or a polar surface. The latter crystals contain 
strings of BiOi- groups, the charge of which is neutralized with 
hydrated sodium ions. However, the B^O-r strings are not neutralized 
at the crystal surface and hence its polar su^iace. 

8.27. Cc^cenrtration of Ores by Flotation 

MilHons of tons of pulverized ore are concentrated by flotation. The 
process is based Spon changing the surface of. .clean minerals from 
one wet by water, hydrg^k0f^,\io one that is water repellent, hydro- 

The surface change about by adding to a tank of water 

containing pulverized or^^p|j^h organic chemicals called xanthatcs 
which form a molecular ||^||in; the metallic particles only. Often, 
adding a sudsing agent, %^^r^jj}ne oil, and compressed air creates 
a froth of iiir bubbles^ TpJi^i^M^ the jiietallic material attracts ^ 
the air bubbles. As a: ' re5n|^ ^ I^^|^ubbles buoy the ore particles 
up to the surface.* At , the Itiip,^^^ is scraped off. A desudsing 

agent allows the metafcbeaririig t^Mellljl to be collected o 
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Somclirnes the process is reversed; the quartz" is removed in^the 
froth and" th| metallic particles are left in the water. In this case 
compounds called alamines and alamacs provide the quartz with a 
surface that has fhe af&nity for air bubbles. ' , * 

a. S^aratiqn of Ores by Flotation ^ • 

(1) Demonstrate the separation of an ore from gangue. To a 100-ml. 
glas^ cylinder add water, sand (representing gangue) and red lead 
/(PbaO*), which ^represents the ore. Shake the cylinder briskly; no 
separation of sdlids occurs^ To an identical cylinder add water, sand 
and mineral oil. Shal& briskl^^ The oil wets the lead and floats it. 
The sand sinks to the bottom. See diagram* 8.27a. 

„If the contents of the cylinders are stoppered, they can be used with- 
put further preparation from year to year. 
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(2) In the following >xercise litharge is used to represent the metal- 
lic part of an ore, while the sand represents the eartl^ 'materials from, 
• which the ore is to be separated. ^ 

Select a bowl and an egg beater that can be used together. Put a 
mixture of 4 tablespoonfuls of plumbers' litharge and 3 tablespoonfuls 
of fine white sand into the bowl. Add water to within one or two Inches 
of the top. Place the bowl on several thicknesses of newspaper or set 
,the bowl in a large flat dish. While beating the mixture, aid enough 
detergent to form a* thick dense suds. Continue beating; from time to 
time skim the froth off the surface. Detergent and water can be added 
as needed, If a small blower is Jtvailable, the froth may be obtained by 
blowing air into the mixture of oref water and detergent. 

When the foam does not seem to pick up more litharge, carefully 
pour off the liquid in the bowl. Inspect the residue.. If some of the foam 
on the paper has not dried so that a residue can be seen, sprinkle^ 
alcohol over the suds to break the air bubbles. Coyipare the composition 
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of the froth's* residue with that in the bowl. In industry, silicone poly- 
mers are often used as defrothing agents. * 

Some other detergents nfay be used. Test the detetgent-ore combina- 
tion, to be sure it will allow a thick foam to be formed. 

Iron (III):^.oxide»TOfly be substituted for the litharge. Natural ores are 
not likdy to be successfully floated because of thp difficulty in piilveri-, 
zation 'into a fine powder. , 

b. Flotation of Calcite. Grind a small amount of calcite or lime- 
stone as fine as sugar with a' mortar and p^tlc. Put the ground material 

^ ih a filtering flask. Add water, shake and decant. R^eat until the water 
no Fonger milky. Apply a vacuum to Jthe flask (see diagram 8.276). 
Note that the air bubbles do not stick to the mineral particles. 

Add a small ptece of soap, to the conterits of -the flask^ Shake the flask. 
When a ^vacuum i^ applied to the flask, bubbles will ^coat the mincraL 
particles and buoy them up to the surface. ^ ^ 

c. Selective Flptation. Ores containing several metals, are separated 
by the flotation process .eipploying different collectors, chemicals which 
determine the surface'^t.o which ihe air bubbles adhete. Depressors and 
pH regulators play an important part also. Th^ advanced pupil can 
write to mining'industries or do library research to obtain information, 
and give a report to'the class on his findings. 

For other ore flotation demonstrations see references BR-7-9,' 

8.28^ Separation of Ores by Magnetic Reduction 

Taconite ores contain magnetite and hematite. Some magnetite can 
be removed by magnetic means (see acti^'ity 8.26a) . If the hematite- 
bearing part is partially reduced with heat in a furnace, the magnetic 
oxide of ironr can be formed. 

Use the model of the blagt fumacie constructed in activity 8.20 to 
illustrate magnetic reduction. When the furnace is hot, add a mixture 
of powdered hematite and charcoal. To avoid blowing the ore off the 
block, add, a dropfo^ water to the powder before heating. Keep .the air 
blast at a minimum. After a few minutes shut cjff the blast. Let the 
^^umace fire go out. Infection <A the contents of the coal furnace will 
"^^^^afge chunks of magnetic material. ^ f 

A similar illustration can be^sho]^n by heating with a blowpipe 
powd^l^ iron (III) oxide on a charcoal block. The residue will become 
mag^K after several^ minutes of heating. \ 

8.29. Metals in the Sea 

a. For centuries water has been washing against rocks and leaching 
out some of the'tnineral j^ontent and carrying it to sea. As a result the . 
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sea is a treasure chest, a potential source of many me&Js. Current re-' 
search is designed to find ways of extracting some of these metals. 

It has been estimated that there are 700 ounces of gold in every 
cubic mile of*sea water. As yet, no profitable way of removing it has 
been found (see reference 8R-10)^ 

Therfe are deposits of cobalt on the ocean floor. No present- mining 
technique can bring it to the surface. * 

Ask the pupils to find reports of similar discoveries. See appendix F 
for periodicals that carry such reports. . ' 

b. To illustrate the ''recovery of magnesium from sea water, make 
some simulated sea water by jlissolving as much magnesium chloride 
and sodium chloride as possible in a liter of water. To this, add 200 mK 
of limewater. The magnesium hydroxide will sepaftte out. Filter a 
small amount of the mixture. The magnesium hydroxide collected on 
the filter has been' extracted from the "sea water." Pour hydrochloric 
- acid on the filter paper to convert the base' back to magnesium chloride 
which is collected as the filtrate. ^ fa ■ ' 

Point out that, in the industrial process, the solution is evaporated. 
After being dried and fused, the diloride is decomposed by electrolysis. 

B.30. Conservation of Metals 

The metals in the earth and the sea are a nonrenewable resource. The 
use of metals has increased rapidly since 1900. Metals must be conserved 
and are, to soriie extent, being conserved by a -variety of methods in- 
cluding: ^ ^ • 

• More efficient n^ining and metallurgy 

• Use of scrap metal 

Substitution of synthetic or other natural materials 

• Retarding of corrosion 

At appropriateiiti^^ discuss these methods with any pertinent current 
examj>les. Such examples Say be foUnd in articles of varying detail in 
scientific periodicals (see^ appendix F) , 

8.31 » Corrosion ^ 

Corrosion is a gradual attack on a metal by its surroundings with 
the result that the usefulness of the metal is often destroyed. The gases 
. in the air, moisture and chemicals all make a contribution to corrosion, 
a. Atmosphere Corrosion 

(1) Lay strips of ordinary iron, galvanized iron, tin and aluminum 
on wet toweUng paper. Moisten the toweUng as needed over a period 
of several days, and then inspect the surfaces of the metals. 
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Note: If the toweling is wet first with dilute acetic acid, the rusting 
process will be hastened. The acfd acts as a catalyst. 

(2) .Qean three nails by sandpapering iRem. Do, not touch the sand- 
papered areas with the fingers as the skin can leave a grease film on the 
metal. Holding the nail with tongs, rinse each n ail- with distilled'water. 
Place a aail in each of three t^t tubes. Pour distilled water over one nail, 
carbcmated water over the second and salt water ov^r the third nail. 
Let th\ nails stand in their ^respective liquids for several days. Inspect 
iJie naijs for evidence of corrosion. 

(3) Collect some water from a puddly on a street that has recently 
eexi salted to melt snow or ice, or, prepare a similar solution using 

calcium chloride as the solute. Qean two nails as in (2) above. Place 
one ngil in a test tube containing distilled water, the second nail in a 
test tube containing the salt solution. After a few days inspect" the nails 
for corrosion. Relate the results t?o corrosion On automobiles. 

B>^orro8ion by Direct Chemical Attack. Corrosion may occur 
through either direct chemical attack or electrochemical action. Chem- 
ical attack involves no microscopic flow of current, and the surface of 
the metal is fairly uniformly rusted: — 

(1) Tarnishing of Silverware, Place a polished silver «poon in 
mustard, « mayonnaise or a bottle containing a litde hydrogen sulfi(ie. 
After a few minutes inspect the surface, and note the film of tarnish. 
Point out thgt the sulfur compounds in air or fo6d can causb the cor- 
rosion ^sUveA 

(2) Action ^f Distilled Water on Lead. Place"^ clean piec^ of 
iead in a beaker of distilled water. After £t few hours, note the coating of 
white corrosion products. Point out that lead should not te used in soft, 
potable water supplies because of the toxicity of corrosion products. 

c. Effect of Temperature on Corrosion. At high temperatures, 
steel forms a, scaling of corrosion. Review the geiveral principle of 
increasing a Reaction rate by increasing the Jtemperature (see activity 
9.03). 

8.32. Ck>rro8ion by Electrochemical Action j 

When two dissimilar metals are connected^and immersed in an electro- 
lytic solution, a galvanic cell is formed (see activity 8.09). The metal 
which is higher in the series tends to be attacked^ give up electrons and 
become the anode. At the other metal electrode, hydrogen or some 
metallic element is deposited. The original metal of the cathode is 
protected by the action occuring at the cathode. The rate at which the 
galvanic attack occurs depends upbn the cathode-anode area ratio. A 
relatively small ainode will be attacked much faster than a larger anode 
will be (sec reference 8R-II)., 
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a. Galvanic Cotroaiop. Demonstrate the theory of corrcTSion by 
placing a strip of zinC and a strip of copper in dilutis. sulfuric acid, and 
connect the^twd metals to the terminals of the galvanometer. Note that 
the zinc anode is eaten away and that the gas bubbles protect the copper 
cathode. j 

Two dissimilar m&lals in cqjitact with an eleeftolyte are required^for 
corrosion. Moist air serves as the electrolyte in ordinary corrosion. 

b. Anodic and Cathodic Areas oit' SaiietMetaL Show that Koth 
anodic and catliodlc areas may be formed on the same piece o^ iron in 
the following manner. Dissolve 2 gm. of agar in 100 ml. of boiling 
watd". Add 1 gm. of sodium chloride, 2 ml. of phenolphthalein and 5 
mi. of 1 percent potassium ferricyanide to the solution. Pour a lay.er of 
this agar mixture into a petri dish, ai^ allow it to solidify. Press into 
the agar layer a piece of iron or/feteel such as a nail, screw or washer. 
Cover the object with another lajjjer of warm agar solution (see diagram 
8.326). 
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After a few minutes a blue color -(Tumbuirs blue) appears in the 
gel at the anodic region or ^^ons where the iron is dissolving. A pink 
color indicates the cathodic region. The effect becomes more distinct 
with time. Stresses and strains as produced by hammering will produce 
anodic and cathodic areas in the same piece of metal. 
Note: The mixture is more sensitive if the initial is adjusted to 8 
with dilute sodium hydroxide solution. The reaction i^s faster if a little 
sodium chloride is added to increase the conductivity. 

c. Electrocouple Action. Prepare an iron-aluminum couple by 
fastening clean strips of the two metals together with a rubber band. 
In a similar way prepare an iron-copper couple. * 

Half fill three 250-mL beakers with distilled water. Add a few drops 
^of potassium' ferricy^ide solution to each beaker. The chemical will 
serve as an indicate r^o show the presence of the Fe*^ ion. 
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Place the Fe-A^ couple in the first beaker, the Fe-Cu couple in the 
second beaker a^d a clean iron strip in the third beaker. • 

Account for/the appearance of the blue color only i^ the beaker 
containing th^ Fe-Cu couple. Relate to the activity series. 

d. Local Action^ Place a strip of chemically pure zihc in hydro- 
chloric aci^ diluted with distilled water. No action occurs. Now touch 
the zinc yith a platinum or copper wire which has also been placed in 
the solution. Immediately, gas bubbles appear on th6 surface df the 
„platinimi, and the zinc starts to go into solution. »The ziilc in this case 
is the anode of the cell. Next touch the zinc with a strip of magnesium 
ribbon. The gai bubbles now appear on the less active or cathodic zinc. 
Coimnercial zinc will react with\ the acid because' such zinc contains 
dissolved carbon particles which aqt^as cathodic areas. 

/This demonstration is very effective iJsj^rformed in a petri dish and 
projected on a screen by an overhead proj^tor (see appendix B-1) . <, 
/ See references 8R-12-13 for information describing corrosion of 
alifiminum due to impurities. 



8*33. Corrosion-Resistant Coatin^s^ y 

Both from the^standpoint of coijservation ana economy it is import- 
ant to prevent corrosion. One p^/eventative measure is to seal the surface 
with a film which can not be penetrated by corrosive^ agents. Some 
examples are : ' " / , * 

• Paints and varnishes ' ^ 

• Waxes and grease v, / , ^ 

' • Vinyl-coated steel and! a plastic-laminated steel surface (see ^ " 
references 8R-14'15J I * 

• Resins, tar, asphalt compounds, adhesive, tape and /plastic tapes 

• Ceramic piateria]^ /uch as fired enamelware (see references 

a. J Painting To Pr/vent Corrosion of Metals. Clean the surface 
of a 'piece of scra^jpon with sandpaper. Paint one end of 'the iron. 
When the paintedpwtion has dried, dip the entire piece of metal in 
water. Hang the metal in air for a few days., Then examine all the 
surface of the iron for' rust. 

b. Purpose of Oils Used in Points. Obtain four pieces of scrap 
metal and label them i, 2, 3 and 4. Brush several coatSvof mineral oil 
on number 7, of tung oil on number 2, of -boiled linseed oil on number 

5 and of niotpr oil on number 4: Wash thejTjrushes in kerosene. Hang ^ 
the pieces of fti^al, in air for several" day^. Inspect the 'oily surfaces 
daily, and keep, a record of any changes \p the oiled surfaces. 
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Some of the oils will oxidize and harden to f<^rm a rubberlike pro-^ 
tective coating. Oils which harden to form a protective film ai^b the ^ 
"vehielcB," the main constituents in \3orae paints. A^drier that acts as 
a catalyst to speed the oxidation of the oil and a. coloring pigment are 
the other ingredients oi oil paint. *- 

8.34. Forms of Cprrosioli 

PupiK may be interested in knowing more about tlie* way in which 
corrosion can occur. \, - ^ 

• Pitting results.' from the formlition of small holes' which may 
penetrate thi» metals. It is caused by electrocfiemical attack. 
Automobile' trim experiences pitting. - . 

• Intergi-anuiar attack produces cracks in the metal. Electrochemical 
action is the cause. 

High-temperature "corrosion produces flaking. This type of corro- 
' sion is a problem in high-temperature engines and jets. 

# Erosion-corrosion occurs when mechanical means remove a pas- 
sivity layer. The flow of gritty liqui(£ over the surface often is 

^ the means of removing" the surface layer. 

# Cavitation often iJccorapanies erosion-corrosion caused by turbu- 
lent liquids. 'Wle metal develops smjJtU cavities. 




8.35. Passivation/ ^ , 

If a metal reacts with a corroding* agenf to form a seaHng film 
which inhibits further attack on the metal, passivation is said to occur^ 

Most passive layers are oxides, although some^are carbonates and 
sulfates. The surface on aluminum is an bxide; the surface on stainless 
steel "is probably an o:dde. ' 

^a Passivity of Aliuninran. Sliow that the redaction of aluminum 
with dihite hydrochloric acid is ^ight in spite of the relatively .high 
positiciS of aluminum in the electromotive fprce series. This passivity 
of aluminum is due to the natural coating of oxide which th% metat 

normally holds. " ' 

Clean a strip of aluminum with steel wool. Dip the strip into mer- 
cury (II) chloride solution for a few seconds. Now immerse the alurai- 
.nurp in w^ter or dilute HCl. The clean aluminum is now active enough 
to replace hydrogen from water or<^cid. 

t% the aluminum with a towel, and expose it to the air. The alu- 
rainum oxidizes very rapidly. Observe the heat produced by this oxida- 
tion by holding the aluminum in your hand. Relate to^ activities 9.02 
and 9.04. ' ^ 
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further information can be found in references Si?-i2 and i9.-» 
b. Making Iron Nonreactive. Iroircan be made nonreactive by 
th6 ac^on of certain oxidizing^ agents. Dip a clean iron nail into con- 
' centrated flitric acid and "then into a solution of 1:1 nitric acid. It 
becomes coated with an oxide^. which resists corrosion.^ Demonstrate that 
the nail resists corrosion by: ^ , 

(1) Rinsing it With distilled water and dipping k into dilute hydro- 
chloric acid.^Note that hydrogen is not released. 

(2) Dipping it into a copper sulfate solution. It will not become^ 
coat^' with copper. \ 

^ . * Destroying the passivity of the iron \X filing a notch , into the 
oxid^ coating. Then dip into hydrochloric aciA^ or copper sulfate solu- 
tion and not^- reactions. 

,0. Coating with Other Metals. Metallic coatings are often use^ to 
, -pr^vent^porrosion of the. base metal. The coating must have the passivity 
property. Electroplating, dipping and spraying with atomized molten 
' -' r- meta) are some^ of the; ways to put on the coating (see references 

(1) Electroplating. Objects -to be electroplated must be chemically 
clean. Clean ^ach one with steel wool and then bathe it in a hot 
solution of washing soda to remove any grease. Wash the object in 
^^ute sulfuric acid to remove any oxide coating. The object to l?e 
plated is the cathode, oi the apparatus' while, the plating metal, is the 
hnode. Uee ft direct current^o/ from 3 to 6 volts. The electrolyte is a 
saturated solution of .a salt of the metal to be pdated. Add a small 
quantit^c of gelatii? to the electrolytic bath to produce a smoother 
deppsit. ' ^ . . , y 

• Copper Plating—'The electrolyte n4a>y be a solution "of copper 
sulf at|i ' . ^ . - . , 

• /V^'cA;^ /?/a^«g^The electrolyte mayt 69^ 4 am- 
monium sulfate to which is ad^ed a sm^ll quantity of ammonium x 
chloride, boric acid and gelatin. 

.# Chromium Elatmg— First plate the object with nickel. Then use 
absolution of chromic acid (chromium oxide) as ie ^electrolyte. 

• Cobalt Plating — ^The electrolyte may be a solution of cobalt 
chloride. 

• Silver Plating — The eled^jpjyte may be a solution of silver nitrate. 
(2) Galvanizing. Clean an iron object such as a nail by dipping it 

- ..into dilute hydrochloric acid and then washing it with water.^TMelt some 
zinc in >a crucible. Dip the iron object into the molten metal. 

» • .. 
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8.36. Calhodic Protection against Electrochemical • 
Corrosion ' 

Expendable anodes of zinc or aluminum can be used in situations 
'".where galvanic corrosion occurs; The zinc or aluminum makes the 

* corrodible metal change to » cathode. 
a. Place in thtee separdte^aSO-jnl. beakers, each contafning 100 ml. 

of distilled water and several 'drops of phenolphthalein, a (1) Jjlean 
strip of magnesium, (2) eleah strip of iron and (3) couple made by 
winding a strip of magnesium ribfiOn about a strip ^f iron. In the third 
beaker a pink color develops aS the more active or anodic magnesium 
goes into solution. The other two beakers act as controls. 

6 To each of three electrolytic ceUs connect one dry ceU m senes. , 

• Use a saline solution (l^j gm^ of NaGl per liter of solution)! as the 
electrolyte. For each cell use a 4-inch,X 1-inch iron strip fitted with an 
electrical /<ronneotion and a graphite rod as[ the. ?llectrodes. In this 
exercise the formation of the red-brown iron '(III) hydroxide is. used 
as evidence of corrosion. ,, 

Immei^e the ^vo electrodes in the first cell (the control) but do not 
^ connect to the dry cell. A moderate amount of corrosion occurs. 

In the secon4*eU connect the electrodes to one dry cell. Make the 
iron anodic. A larger amount of iron (III) hydroxide forms, showing 
., that the process of corrosion has been increased. 

ConAect the third cell as above but make the iron cathodic. A rda- 
. ' tively' Slight deposit of iron (III) hydroxide forms. The current from. 

•the single dry cell opposes electrolytic corrosion. . - 
TMd demonstration may be expanded by varymg the appUed voltage 
J or substituting aluminum and Other metals for iron. 

. The principle of cathodic protection is applied to .underground 
structures such as pipelines, sheathing on cables and storage tanks. 
Instead of a generate? to supply the balancing current, zinc electrodes 
are attached to the Unes, cables or tanks and dyiven into the ground. 
The zinc becomes anodic. . 

Many household hot-water ^eaters are equipped with expendable 
njagnesium or zinc, rods in the tank Xp protect the exposed Jeel. Ships 
hulls often have zinc or magnesium .blocks attached ip the vicimty of 
the brass screws. • ^ ^ 

8.37. Metallurgy of Iron / 

The presence of small amounts of impurities in a metal alters the 
properties of the metal. The process used for removal of the impunty 
depends upon the base metal as well as the kinds of impurities. 

Processes used in the metallurgy of iron are excellent examples of 
° principles learned in other areas of the chemistry course. 

* . 
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a. Renioving Carbon from Cast Iron. Review the reducing ability 
. of oUrbon. Note that the iron 'oxides of rusty scrap steel in the charge 

of-the open hearth furnace are not only used to reclaim the iron but 
also to 'reduce the carbon content' Iron ore is another source of oxygen* 
Bessemer converters use blasts of air to remove carbon. Indicate why 
the -open hearth method is more widdy used. 

The turbo-hearth fum'^ce combines the principles of the open hearth 
furnace and the Bessemer converter (see references 8R-12 and 22). 

b. Removing Sand and Phosphorus* Discuss tlie relationship be- 
tween the composition of the charge and that of jfhe impurity. * 

c. Removing Oxygen. After the steel has been removed from the 
furnace or converter, there is still some oxygen left. To prevent unde- 
sirable properties caused by the presence of oicygen, materials called 

^oxygen scavengers \are added. 

Illustrate an oxygen scavenger at work. Sandpaper a piece of alumi- 
num, and note how quickly the surface dulls as the metal reacts with 
oxygen* Disauss other meCals or minerals that can be added to steel 
to remove okygen. * - ^ 

8.38. Treatment of Steels 

There are numerous ways of handling steel and changing its prop- 
erties by mechanical or heat treatment. 

Obtain three razor blades of the blue or violet steel type. Keep one 
bjade as a control. Heaf^e other l^wo blades for a short time in a 
burner or on the platef of an electric -heater. Quench one tlade in very 
cold water. Allow the other to cool in air. Carefully scrape a little of the 
oxide off the^ blades. Compare the appearance of the heated and control 
blades. * 

CAUTION: Steel particles may fly. Work under a hood ivith the 
door open Only far enough to insert the hands and equipment. With 
tongs in each hand, grasp the ends of the control blade. Bend the 
blade so the ends come together. Repeat the process with the heated ' 
blades. Compare the ease with which the blades bend, break, or shatter. 

Refer superior students to the bibliography for a report on ch*anges 
in structures and stresses as a result of heating. 

8;39. Powder Metallurgy 

a. Improving hardness of metals can be accomplished by controlling 
grain size. A^4^ent method uses metallic powder. The powdered metal 
' is subject to intense pressure as the metal is put ^nto a mold. Heating 
the metal caus^ changes in density. Among the numerous sources 
.. reporting progress in powder metallurgy are references 8/?-23-25. Alert 
pupils to watch for progress in the field. 

0 
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b. The method by which 'the metal powder is made determines its 
use. An interesting ^Jroject "fox the more advanced student might deal 
with the production of metallic powders. 

8.40. 4lefining of Copper 

Copper ores generally contain' zinc- and lead-bearing minerals. 
Although t&e copper concentrate is removed by flotation, some of the 
other metallic {minerals are carried ..along with the copper. These 
metallurgical processes do not remove all th^ metallic impurities of . 
gold, zinc, silver and lead. An electrolytic refining process is needed. 

a. Into a copper sulfate solution glace a carbon -^node and a graphite 
cathode. Connpct the electrodes to a d.c. source, ^fter a few minutes, 
note the deposit on the grapl^te pole. Use electronic equations to explain 
why the copper was deposited. 

b. Add some day to a saturated copper sulfate solution. Connect 
two strips of copper to a d.c. voltage source, and place the strips in the 

^ clay-copper sulfate mixture. Six vdts are sufficient, but die operation 
is more rapid with higher voltages. The strip connected to the anode 
decreases in weight wiiile the copper plates on the cathode. The clay 
represents the sludge that foxms' by the disintegration of the blister 
copper at the anode. / ^ 

Refer to thd oxidation potentials of the metals to expl^ why proper 
. voltag e^ogatroLassitfes- the depositing of copper only. 

* 4 

SAl. Zone Refining 

A recent technique that has' been developed to purify the materials 
•needed for transistors and solar batteries is zone refining. A heating 
coil is moved slowly along a column of impure material. In the area 
beneath the coil, the material to be purified melts. As the coil moves 
along the tube of material, the resulting liquid slowly recrystallizes to 
the basic material. The impurities Jend to stay.v dissolved in the melted 
zone. Thus,' the recrystallized material has been .freed from some impuri^ 
ties. Repeated zone meltings., can produce a higher degree of purity. 
' Silicon, germanium, arsenic, niobium and boron ^are among the mate- 
rials refined by zone melting. * . . 

Obtain a foot or two pyrex glass tubing, 10 mm. in diameter. 
Fill the tube with powder obtained by grinding colored paradichloro- 
benzene moth cakes in a mortar. Support the tube on the ends, and 
near one end wrap heating tape once or twice around the tubing to 
make a heating coil. Connect the tape to the recommended electric 
source (see diagram 8.41). Manually advance the heating coil about 

if 
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% inch every half-hour, A color change indicates a change in the 
concentration of impurities in the crystals. ^ 

Note: Best results will be obtained if a constant gradual mov^ent 
of the molten zone is obtained by using a clock mechanism. 

Additional demonstrations on s^ne refining can be found in reference 
8R-29. 



Paradich|bro-benzene powder 
\.| HeaHnq |-^pe • I 
rPyrcx Nbinql 




To source oF 
elechricit-y 
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8.42. AUoying 

A combination consisting of a metal and one or mare other elements 
and having metallic properties is called an alloy. 

a. Composition of ap AUoy. Point out that the components .of any 
alloy ii^^ be in the homogeneous or heterogeneou^, condition. An alloy 

• Be a solid solution containing only one type of crystals. Iry^^erfan- 
dom manner-atoms of one element fit into some of the lattice sites 
in the crystal structure of the second element. Sterling silver and 
brass are two examples of solid solutions. 

• Contain compounds. Examples are carbon steels containing FegC, 
' and bearing steel containing SbSn and Cu.Sn. 

• Contain crystals of two or more different elements or compounds. 
Alloys of bismuth and cadmium contain tiny crystals of each 
metal. , 

b. Special Properties of Alloys. Combining and mixing different * 
metals in varying proportions can produce special properties. However, 
the properties of an alloy qannot be predicted from the known prop- 
erties of its constituents. In the case of many metals, the addition of: 

• Carbon to iron increases the brittleness 
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^ • Aluminum, manganese, magnesiuta and chromium increases the 
^ ' resistance to corrosion 

• Copper increases the 'hardness \^ 

• Bismuth decreases the meltijjjg point ^ 

Demonstrate how the hardness of a metal may be increased by 
* * adding another ^netal having atoms of a different size. 

Completely fill the bottom of a small box with Vows of equally sized 
* marbles. Place a few incomplete rows of the same kind of marbles 
in tfie second tier. With the eraser end of a pencil, push against the 
top row(s). Note how easily dislocations appear. V. 

Replace one or two naarbles in each row of the bottom layer with • 
largeiVmarbles. Repeat the above procedures.,. Try substituting in the 
•bottom row a few^ marbles smaller than the original ones. Compare the 
eas^ with which atdras in the second row can now undergo dislocation. 
* Relate to the ad'dition of copper in -silver or aluminum alloys. 

c. Making Some Alloys. The general method for making- an alloy 
consists of dissolving small pieces of the various metals intd the metal 
with the lowest melt^ig point. The metals are placed in a crucible and 
heated. A small amount of anhydrous sodium carbonate is used to 
prevent oxidation of the metals difring heating. The carbonate can 
easily be skimmed off if the alloy is cast into a mold. 

(1) Wood's Metal, .Melt together 4 parts of bismuth, 2 ^arts of 
lead, 1 part of tin and 1 part of cadmium. When fused, pour the alloy 
' ' into water to soKdify, The Wood's metal solidifies at about 65°C. Save 
the Wood's metal. It can be used from year to year. Place some melted 
Wood's metal in a plaster of paris mold in the 'shape of a spoon. After 
the alloy has solidified, have a pupil stir some boiling water .with the 
spoon. The effect upon him and his classmates is startling. 

^As a class project make sampks of Wood's metal using different 
ra'jios than the one listed above. Compare the melting temperature of 
the samples made. 

Place the alloy in a beaker containing some water. Insert a thermom- 
eter in the Water. Heat the water until the alloy, melts. While stirring, 
slowly add cpld water to the beaker until the alloy solidifies. Record 
the temperature at which the metal solidifies. \t is also the melting 
temperature. Additional techniques for determining melting points may 
be found in organic chemistry laboratory manuals. 

(2) Solder. Melt together equal parts of lead and tin. Pour this^ 
- into a greased cardboard mold such as a match box to solidify. Use 
the solder to join two pieces of iron wire. 

An interesting pupil project is the study of different kinds of solders. 

ERIC '^^-^ 
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Consider the melting temp eratur^:^^|^^ type of solder and the kinds 
of metMs the solder will join. Sgflj^^^^ contain a flux core to clean 
the si^rfaces to be joined so %rt|f^ljdler can ddhere. Find out the 
types /of fluxes used and the cQna|i|l^PSrider which they can be used. 

(3i Rqise's Metal. Mdt togej|^j^^|rts of lead, 2 p^rts of bismuth 
and i part of tin. Because of ij^|^^j^i^ting point, tl?is alloy can be 
used; for electric fuses, as Well ^||^P^lugs for boilers ^nd automatic 
spriiiklei^;.systems. ' i^M^^Z * 

itoialgamation. Diss61v|l|;^^^ of copper sulfate in 10 ml. of 
holjf wa|er. Add the hot solutiori;|lfej|05ut 1 ml. of mercury in a mortar. 

^ S™- ^ P^&i:3H^t. The Amalgam should become 
ll^ty and then solid. If the^lfg^m does not harden, grind more 
copper sulfate crystals l^llSe solution in the mortar. Drain 
:6ff (|[| liquid in the mortar, \^^Me amalgam under the running 
water, and dry it-^ between pieces t)f%lter paper. 

Relate to single replacedfent reactions. The copper is formed by the 
reaction between zinc and copper sulfate : 

Zn + GiSpi r> Cu + aiSO^ 

The copper and some zinc i|[^o|ye in the mercury; The resulting 
alloy is an amalgam containing:^^, copper and mercury. 

d. Devesfopment of New Current: information §n this' t<Jpic 

may be found in scienti^c pe|i^||,iij;^ls (see appendix F), One example 
is a preliminary study whic|t;|pJ!cates the possibility that iron-man- 
ganese-aluminunf alloys may J^^iiace the strategic stockpile minerals, 
chromium and nickel. Othe^plbys are n^edeS which can resist the 
temperature changes in m}^|i[^. Seeralsrf reference SR-SO 

M ■ 

8.43. The OiaBging^lpiportance of Metals 

The changing needs oflj^iety ^d the depletion of ores change 
the demand for certain me^j^ and may lead to the development of new 
metallurgical techniques. C|Sj^ information on these changes can* 
best be found in scientific, pf|iodicals (see appendix ¥) . Following are 
examples o^ information !l>BSiined from various periodicals. 

a. New Metallurgical T^hniques 

• Ion exchange separi|l|^|i has made it possible to obtain rare earth 
►metals and their o^i|[|^. They are being used as oxygen scaven- 
gers in steel makiJrt^^ -^ourc^ of OC-rays and getters for vacuum 
pumps (see refer ehc^8/?-5i). * • 

• Melting technique^ ii$ing vacuum degassing are used in the pro- 
X duction of better'^^d more dependable alloys (see reference 

8R'32). 
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• Jet xoolin'g can» be used to re'duce the ti^e for an annealing 
process fronia20 hours to 30 minutes (see reference 8R'33) . 

M Beryllium, a very light metal, has Resented many problems in its 
met^ui:gi€aHJTOCe^"§<Bgr^^ been found to reduce' the 

---:;;l!lIbdJ^ beryllium (see T&levence 8R'34) , 

Fiber metallurgy is a new development in the use of metallic 
powders (seej references 8R'23 and 25)..^ ♦ 

• Scieiitists may have founds cheap method of extracting titanium 
by a new electrolytic proi9ess (see reference 8R'38). 

• New coatings for metals.allow them to be used in different ways. 
See. reference 8R'16 for a description of ceramic coatings for 
missiles. See reference 8R-36 for information concerning the metals 
used in the Vanguard satellite. 

b. Metals of Increased Importance,^ 

• Nuclear energy applicalioAs have ch^^^d uranium from a labora- 
tory curiosity to an important metal (seqjefercnce 8R-37 and the 
bibiiography) . V\ 

• Zirconium has been established to be the toughest metal available 
for atomic reactors while hafnium is superior to boron and cad- 
mium for use in control rods (see references 8R'38-39) . ^ 

• Titanium has many desirable properties such as resistance to cor- 
* rosion and an abOity to Vit^^^^^ ^eal. It has the strength — but 

only half the weight — of steel. Unfortunately, its extraction from 
the abundant ore sources is costly. The use of titanium and its 
aUoys will probably increase as production costs go , down (see 
references 8R'30-35 and 40). See also the* bibliography for ad- 
ditional information about metals which have come <to the fore- 
ground in importance. 

B.44. Spectroscopy 

When a beam of sunlight is passed through a prism, th« complete 
rainbow with one color blending into the next color can be seen on a 
screen or wall. This rainbow is called a continuous ^spectrum. When a 
salt is vaporized in a flame, the flame becomes colored. If this light is 
passed through a prism, narrow bands of color a? e seen. A line spectrum 
. rather than a continuous spectrum is foraied. 

When a salt is heated in a flame, electrons in the atoms artf raised 
to higher energy levels. As these electrons drop back to lower energy 
leveb, they emit light. When this light is passed through a prism, a line 
spectrum characteristic of the material is obtained. 
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SpectnU^opy is a method of analyzing the energy values of light 
elated by vaporized materials. Each element has its own identifying 
color lines in the line spectrum. 

a, » Flame Teats. Some vaporized materials give off a limited set of 
wave frequenci^ (colors) to which the eye is sensitive. A orude spectro- 
scopib analysis can be made by identifying the color of the flame in which 
a material is being vaporized, 

(1) Clean a platinum wS-e by dipping it in concentrated hydro-' 
chloric acid. Hold the wet wire in the flame. Repeat the dipping and 
heating process^ until the platinum wire does not impart any noticeable 
chai^ge in the color pf the burner flam^ 

Dip the clean wire into a solution of barium chloride. Place the wire 
in the flame, and note the color that appears. Repeat the procedure 
using sdts pf lithium, sodirnn, calcium, copper, strontium and potassium. 
Refer the pupils to the flame V^Pl^erencer. chart found on the reference 
tables (page 336) to confirm their results. 

A convenient means of flame testing consists in preparing a series of 
flasks or bottles as sho'.vn in diagram 8.44at. Fit a small bottle "with a 
1-hole stopper throu^ which extends a glass rod. A platinupi wire 
sealed into the lower end of th§ rod dips into the^ salt solution to be 
tested. When in use, the rubber stopper becomes a handle. Place the 
platinum wire with its salt solution in the burner flame. Then return, 
the wire to the proper bottle. ^ 

(2) The name tests may be demonstrated rapidly. • 

Fill salt cellars with salts of metals. Shake the salt into the flame. 
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Mix samples of the salts to be tested with alcohol and a small amount 
of sulfuric acid. Place the sample of each salt and its alcohol mixture 
Int^ separate evaporating dishes, and ignite the liquid. 

Place a sample of ^ch o£ the salts to be tested in a separate petri 
dish containing zinc and dilute HCl. Set up the apparatus as' shown in 
diagram 8.446. ^\ 

; ■ ■ ■ ' 
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Blow powdered salts directly into the flame as shown in diagram 
8.44c. 
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(3) Show how bltie glass is used to filter out the interference of 
sodium traces from the potassium flame. View the burner flame Arough 
a square of cobalt glass or a blue gelatin spotlight filter.^The yellow 
flame of sodium salts is not allowed to pass through the filter; However, 
th^ violet mme of potassium can be seen. 

b. Making and Using a Simple Specti*oscbpe. At the end of a 
board about 8 to 10 cm. wide ^nd 60 cm. long place a lump of modeling 
clay. Press two razor blades into the clay so that their sharp edges are 
perpentllcular to the board and form a slit no wider than 1 mm. At a 
distance of 50 cm. from the slit, erect a plastic replica Jiffraction 
grating. (An inexpensive grating slide can be obtained from optical or 
scientific supply houses.) To sup^rt the ►grating, use another piece of 
clay; or set into the board four nails so that there are two nails on 
either side of each vertical edge of the slide. * 

When the spectroscope is to be used, support it at eye level. The room 
must be as dark as possible. Place the light source to be analyzed about 
30 cm. behind the razor blade slit. Look through the grating slide 
toward the light coming through the slit Move the head, so .that the 
eye can scan^ the ^rea to the right and left of the slit. 

If too much light comes from the light source, the. spectrum may not 
be visible. Then, it is necessary to erect a screen around the source to 
allow only a part of the Ught to enter the slit. If the Ught produces « 
fuzzy spectrum, the slit size must be adjusted by muving the razor 
blades closer together. 

Although the flame tfests can be observed through the spectroscope 
made in this activity, best results are obtained by using spectrum tubes. 
Mount the spectrum tube between the high-voltage terminals of an 
induction coil (refer to activity 2.17). 
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Some Geissler tubes may also produce line spectra that «an be ob- 
xserved through this sf^ectroscope, * g 

c Importance of Spectroscopy. A large percentage of all analysis 
is done today by means of specEiroscopes, Present the- following for 
class discussion : j , 

• The method is a speedy one. For example, Within three minutes 
from the time a sample molten steel is taken from the furnace, 
its exact composition can be spectrographically determined (see 
reference 8R^1). 

• The molecular archltculujce of organic rompo"nHs can be deter- 
mined. When infrared light is passed through organic materials, 
discrete energy values arc transmitted -or absorbed. By evaluating 
the frequencies transmitted, diflferent carbon groups and chains 
can be identified. In making synthetic drugs such as penicillin, 
infrared spectroscopy tells the chemist when he^has niade an exact 
replica of a natural complex molecule. 

© Because of its speed and nccuracy, spectroscopy has made almost 
all the^ other* analytical methods secondary in importance. The 
latter methods are used onl^when so little analysis is done that 
it is cheaper to pay for the time-consuming chemical methods than 

. to invest several thousand dollap^n the spectrographic instru- 
ments. 



«-45. Sulfide Tests 

A^nuiaber of metals may be precipitated as characicrlstically colored 
sulfides which serve to identify them. 

o. Under the hood^ass hydrogen sulfide into a test tube containing 
, zinc ions. In a similar manner prepare the sulfide precipitates of 
r cadmium, antimony, copper and silver. Soluble tartar emetic (antimonyl 
potassium tartrate) is used as the source of antimony Jons. Note the 
color of the precipitates formed. Call the pupils' attention to the 
Sulfide Precipitate Chart 09 the reference tables (page 336). Check 
the results of the oxnpr>\>,cni agamst the chart infonn«**'on. 

Relate the activity to the use of the precipitates in making paint 
pigments as well as identification of unknowns. 

6. In practice, the proper separation of a mixture of metallieions 
requires the adjustment of pH and additional reactions. The more 
advanced. chemistry student may enjoy the more complicated exercises 
in analysis described in College' qualitative analysis manuals. 
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8.46/ Ck>mpound8 of the Alk^i Metals 

Comp-ounds of the alkaU metals are important, because oi their ^ 
properties, most of which are discussed in chemistry textbooks. Possible 
elaborations of this high school textbook material in^jlude: 

• Large deposits of these" compound? are found in 'the earth's crust 
or in sea water (see reference 8R-42). 

^ • The solubility of the compounds makes them unportant reagents. 
' • .Many of their salts undergo hydrolysis resulting in strong basic 
effects. 

• The bonding of these salts is primarily electrovalent. .Therefore, 
the salts of alkali metals are good electrolytes and can be elec- 
trolyzed. 

8.47. Compounds oS the Alkaline Earth Metals 

Calcium is representative of the alkaline earth metals. Note: Text- 
books and other sources provide a wealth of information concerning 
calcium cbmcou-nds and exercises to iUuotrate their properties and uses. 

The chemistry of calcium and its compounds is consijlered Important 
because: " , 

• It illustrates many principles of chemistry. 

• Calcium compounds are intimately related to the natural resources 
of the State. The mining and processing of gypsum and lime- 
stones are important industries in New York Stjite. 

• Calcium compounds have widespread application in many fields 
such as agriculture, metallurgy and the building trades. 

a. Calcium Carbonate 

(4) Illustrate the for&s of calcium carbonate by displaying as many 
forms of the compound as possible: limestone, marble, calcite, Iceland 
spar, coral, oyster and clam shells, coquina, chalk, stalagmites and 
stalactites, and boiler scale. 

(2) Demonstrate that the forms displayed in (i) above may have 
the same chemical composition. Heat finely ground samples of tjie 
materials in an ignition tube. Pass the gas evolved into clear limewater. 
When the contents of the tube have become white and powdery, put 
the powder into a beaker containing water and a few drops of phenol- 
phthalein. Point out. that each sample has the same effect on lime- 
water and on the phenolphthalein-water mixture. Ask the pupils to 
draw a conclusion. Note: These tests prove only that the substances are 

carbonates. , , , i i j 

(3) Illustrate the property of double refraction displayed by Iceland 
spar. Place a sample of the Iceland spar on a ruled sheet of paper and 
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rotate it/Through the spar observe the lines on the paper. This property 
is one .of the tests Tor Iceland spar. This demonstration may be per^ 
formed with the aid of an overhead projector. 

b. Calcium Oxide. Calcitim oxide is also known as lime or quick, 
lime. 

(1) Demonstrate the drying action of calcium oxide. Moisten the 
inside of two tell jars. Place one jar'^over several lumps of freshly 
prepared quicklime. Place the other on the table as a control 

(2) Mix 1 part of Portland cempt witK 3 parts' of fine sand. While 
stirring, add enough water to make a thick paste. Pour the paste into 
a small match box, and set it aside for a few days to harden. After 
several, days note the appearance and hardness of the concrete. 

* c* Calciiun Hydroxide 

(1) Slake lime by adding water to freshly prepared calcium oxide. 
Note the large amount of heat liberated. 

(2) Make some whitewaslf by stirring slaked lime into a beaker 
half full of water until a soupy suspension is formed. Use a paint 
brush to apply some of the whitewash to a wooden board or cardboard, 

\ After drying ovpn^ight, test the surface 'with a few drops* of hydro- 
chloric acid. Relate to the test for a carbonate (see activity 4.66). 
Account Sot the formation of the carbonate by the aid of equation. 

(3) Make Umewater by adding 1 teaspoonful of powdered calcium 
hydroxide to 250 ml. of cold water. Stir. After the solution hak settled, 
filter the suspension. Store the filtrate (Hmewater) in a stoppered 
bottle. ^ , 

(4) Refer to the Table of Solubili^es (see page 336) or to a chem- 
istry handbook for the solubility of calciurti hydroxide in water. Cal- 
cium hydroxide w an^ of the few solids more soluble in cold water ' 
thalfnTB^^^vater. Ask the pi^s to explain why a solution of calcium 
hydroxide flHnewater) can be saturated and, at the same tiine, dilute. 

(5) Caifium hydroxide is used tp manufacture sodium hydroxide. 
Add a teaspoonful of dry calcium hydroxide powder to 100 ml. of 
saturated sodium carbonate solution. Filter, and evaporate the filtrate 
to dryness. Caution: Use the hood with the door down as far as possible; 
sodium hydroxide, may spatter. Relate to the soda-lime process for 
pbtaining sodium hydroxide commercially. . 

d. PreparaUon of: Bleaching Powder. Caution: Useth^od; 
chlorine IS poisonous. Demonstrate the preparation of bleaching powder. 
Connect two ca^ldboard hdxea such as small shoe boxes in tandem as * 
shown in diagram 8A7d. Place the outlet tube in a beaker of sodium 
thiosulfate /hypo) so that excels chlorine piay^e absorbed. Spread 
^ about 14 inch of powdered calcium hydroxide over the bottoms of the 
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boxes. Pass chlorine gas from either a chlorine generator^or a pressure^ 
tank over the calcium hydroxide: • 

Use the prepared bleaching powder to bleach cotton cloth, or add a 
drop of sulfuric acid to demonstrate the availability of chlorine. 
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e. Calcium Sulfate. There are two hydrated forms of. calcium sul- 
fate of special interest: plaster of.garis, (CaSOj'^-H^O and- gypsum, 
CaS04'2H20. . 

(X) Mi35 a spo(inful of plaster of paris with a little water until a 
creamy consistency is obtained. Lubricate a glass square arid a new . 
coin wiih vaseline or petroleum jelly. Transfer the plaster to ihfc glass 
•square, and then press the coin into After the plaster hardens, remove 
the coin with a kftlfe by prying. Slide the cast off the glass square. Note 
tlie clarity ot detail and the smooth ap|)earance of the cast. 

Th*' addit'ion of varying amounts of 'acetic acid to plaster of pans 
. pastes makes an interesting study of a negaJiue catalyst. 

(2) In a test tube strongly heat some crushed gypsum °^ *e plaster' , 
made in (J) above. Note that water if driven off. R^ate the activity to 
the use of gypsum in making plaster of paris. «!> 

8.48. Hard Water 

a. Testing Water for Hardness. Test the relative hardness of 
natural waters. Samples may be collected from such sources as ponds, 
streamsV rivers, cist^ns, wells, springs and city supplies. To test tubes 
half-full of samples of th.e water, add two drops of soap solution (liquid . 
soap) by means of a medicine dropper. Place thethumb ovfer the 
» mouth of the test tube and shake each an equal numbet-^Ttimes. Repeat, 
using, distilled water as a control. The amount "of suds produced is a 
" measure of the water's softness; the amount of precipitate formed is a 
measure of the water's hardness. 

b Making Water Hard. Add a smaU quantity of each of the fol- 
lowing substances to each of 8 half-full test tubes of distilled water: 
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sodium carbonate, sugar, Wlcium bicarbonate, eodium chloride, calcium 
chloride, magnesium sul^te, iron chloride and spdium sulfate. Test 
. each sample with 2 drops of soa'p.solutioii tb determine rel^itive hardness 
or softness. Compare with the suds produced by. using disfiiled water 
:and the same amount of soap.^Water containing calcium, irori and mag- 
« n6sium ions will prove to be hard. * * ^ • , ^ 

c- Preparing Water of Temp'orary Hardness. Set up a carb4 
. dioxide generatof and pass the carbon dioxide intcv a clear limewater 
solution until the precipitate first formed redissolves. Filter and store 
for future use. Relate this activity to the natural formation of temporary 
hard wsater.' Explain byth^ use of two equations. 

d. Preparing Water of Pei:manent Hardness. Pennanent hard- 
ness in-naturlil water, is caused by the presence of the sulfates of cal- 
cium, magnesium and/or iron. To prepare samples of permanently hard 
♦ 5valer in the laboratory, a'dd a pinch • (approximately gm.) of any 
1 df the above gulfates'no 100 ml. of water and stir. The prepared hard 
w^ter may be storpd inde^nitely. 

Test the water for hardnessr Citopare the results with those obtained 
from an equal volumfe of distilled water. ^ \ 
^ e. Effect of Hard Water on Soap. To equal volumes of water of 
permanent hardhess, temporary hardness and distilled water in separate 
test tubes, add soap solution drop by drop until permanent suds foml. 
Shake the test tube vigorously after each addition of soap solution. Keep 
a record of the amount of soap used. The distilled water, of course, is 
soft. Note the heavy precipitate formed in the samples of hard water. 
Emphasize how hard water wastes soap. 

f. Softening Water of Temporary Hardness. Water of temporary 
hardn^s may be softened in two ways, Jby heating and by addjng a 
water softener. Demonstrate each method as follows: 

(1) Place a 50-ml. sample of temporarily hard water ip a beaker and 
heat unUl a fine precipitate forms. Filter. Test the filtrate for softness ' 
with soap solution. Discuss the need for usingNeoft water in steam irons. 

(2) Add 1 or 2 gm. of sodium carbonate ti a test l;ube full of tem- 
porarily hard water. Filter, and test the- filtrJte for softness with soap 
solution. In both cases, the .calcium ion, the cause for water hardness, 
is removed from the 'solution. Refer to the Table of Solubilities on page' 
336 and compare the solubilities. of the carbonates involved. ' 

g. Softening Water of Pennanent Hardness. Demonstrate that 
water of permanent hardness cannot be softened by heating. Heat 50 
ml. of permanently hard water to boiling, add soap solution to show that 
a precipitate still forms. Add 5 gm. sodium carbonate to another SO.ml. 
sample of the permanently hard water, and shake. Filter, if necessary, 
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and test filtrate for hardness. A generous quantity , of soap suds will 
now form. Trisodnftn phosphate 0T borai»>{sodiuin tetraborate) may be 
substituted for the sodium ciar.bonate as the precipitating agent, 

h. Water Softening by Ionic Exchange. Show how zeolite is used 
. to soften water by ionic exchange. Set up^the apparatus as shown in 
diagram' 8.4-8 A. Place ^/^ inch of glass wool in the bottom of the tube as 
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a retained Add commercial zeolite (PerntutU) to a depth of 3 to 4 
inches. l*ack 1% inch of glass wool on top of the zeolite. Fill the re- 
mainder of the glass tuhe to within 1/^ inch of the top with hard wafer. 
Collect the water and test for hardness with soap solution. 
• When water become^ appreciably hard again, rejuvenate the zeolite 
by pouring a saturated salt (NaQ) solution through the device. Rinse 
with distilled water, and show that the zeolite can soften water once 
again. The chimney zieolite water softener can be stored for use in 
subsequent years. 

i. Action, of Soap and Detergents with Hard Water. Demonstrate 
the difference in the action between soap and detergents on hard water. 
Water with either pprnianent or temporary hardness may be used with 
distilled water as a control. 

In separate test tubes, place 50-ml. samples of permanently hard, 
temporarily hard and distilled water. Add 5 drojs of soap solution to 
each to show effect of soap on the waters. Note the heavy precipitates 
formed. 

Next test similar samples of water with different commercial de- 
tergents. Note the absence of precipitates. The calcium and magnesium 
salts of these substances, unlike those of soap, are soluble. Therefore 
detergents can emidsify grease and cleanse regardless of the hardness 
of the water. 
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AREA 9 



Reaction Principles 



9.01« Controlled Experiments and 
Interpretation of Data 

Alany of the activities related to this area are particularly suitable 
for controlled experiments and various forms of mathematic^r interpre- 
tation. For instance, in determining the effect of temperature on the 
velocity of a chemipal change each group of pupils may obtain data 
for observations. for different temperatures. The results may be plotted 
on graph paper; the results for another temperature may be'* predicted; 
the predictions may be checked by experiment. 

One of the best collections of experiments in this area is found in 
Scientific Experintents in Chemistry (see bibliography). A judicious 
selection of these or similar experiments will lead all pupils, particularly 
the more able, to a better appreciation of the importance of mathe- 
matics in chemistry. 

9.02. Effect of Activity of Reactants upon 
Velocity of Reaction 

a. Place about 10 ml. of dilute hydrochloric acid in each of three 
test tubes. Obtain three small pieces of solid metal of approximately the 
same volume, such (as zinc, iron and lead. Add one piece of metal to 
each test tube. Compare the rates at which hydrogen is evolved. Relate 
to the activity of the elements. 

b. Place equal weights of zinc in two test tubes. To one tube add 
10*ml. of concentrated hydrochloric acid, to the other add 10 nd. of 
dilute hydrochloric acid. Compare the rates at which the hydrogen is 
evolved. (See also M.C.A. Experiment No. 11). 

9*03. Effect of Temperature upon Velocity of Reaction 

a. Fill two gas collecting bottles with ^bxygen by displacement of 
water. Bottled oxygen gas is convenient. Grasp a piece of steel wool 
with tongs and heat to red heat over 'a *bunsen flame. Transfer the 
heated steel to the bottle of oxygen. Place a similar weight of unheated 
steel wool in the other botde. Compare the rates of tfeaction. 
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5. A doclf reaction is a spectacular and instructive demonstration. 

'''pissolve 2 ^m. of potassium iodate ui one liter of water. Stopper the 
^^container; paark the container ''Solution i." To 900 ml. of cooled water 

; Tvhich has been freshly boiled, .add 0.4 gm. of NaHSOs. Also add 5 
-^^mf, of iRf sulfuric acid and 100 ml., of starch solution. Stopper the 
^ container^; mark the container "So/w^wn 2." 

Prepare s6me IM sulfuric acid by adding 28 ml. of concentrated v 
^ acid (l^iSM) sloXvly to enough water to make 500 ml. of solution. 

• ' Prepafre a starch sdudon by adding a small amount of water to 2 
, ^m. ojf itaroh to make a pa^e. Add 100 ml. of water, heat to boiling 

and q<^\. 

A4^ equal volumes of solutions one and two to 2i beaker. Note the 
'tim^'/fhat elapses before a color change appears. Repeat the experiment 
wit|i|the reacting solutions at 25*^C., at 30° C. and so on. (See M.C«A. 
Ex||i^riment No. 11 for interesting variations.) 

The reactions involved are: 

j(l) H2SO4 + 2NaHS03 Na,S04 + 2H2SO, 
^(2) HsSO, + 2KIO3 K2SO4 + 2ffl03 ^ 
I (3) SKaSOg + HIO3 -> 3H2SO, + HI (oxidation of H^SO,) 

i^/ If any iodine appears in the solution before the H2SO3 has been' 
.^xidized, it is converted to HI : 
J H^SOs + H2O + I2 -> + 2HI 

• I Only after all of the H2SOS has been oxidized (reason for time delay), 

the following rapid reaction occurs: 
I (4) 5ffl + fflO« -> + 3H2O 

(iodine turns blue in starch solution) 

9.04. Effect of Surface Area upon Velocity of Reaction 

Generally, the greater the surface area of the reactants exposed, the 
greater the velocity of the reaction. There are many examples of this 
effect, including dust explosions and reactants vrhile in solution or 
.colloid^ suspension. 

a. Heat equal weights of steel wool and iron or steel chunks over a 
bunsen Hame and place in gas collecting bottles of oxygen. Compare 
the velocities of reaction. 

6. ^ Mix together gently some powdered mercuric chloride and potas* 
sium iodide. No reaction is apparent. Grind the two salts together vigor* 
ously. Note that considerable physical effort is required to produce red 
mercuric iodide. Prepare a second mixture of the two salts. Add water 
to the mixture. The same red mercuric iodide results immediately. An 
alternate method is to prepare separate water solutions of the two salts 
and mix them. . 
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c. The choice of diluted acid to react with a solid depends upon the 
solubility of the product. Action of the acid takes place at the surface 
of the solid. If the product of the reaction is soluble in water, it is 
continually removed and the surface of the solid is exposed to the 
continued* action of the acid. If, howevei;,4the reaction product is not 
soluble in water, it remains on the Surface of the solid and in time 
becomes thick enough to shut off all action of the acid upon the solid. ^ 

Place equal quantities (about y^, inch) ^of marlle chips in each of 
three test tubes. Add dilute sulfuric acid to one tube, dilute nitric acid 
to the second and dilute hydrochloric acid to the third. The action 
starts off briskly in all three tubes. It soon slows down and stops in the 
• first tube since calcium sulfate is relatively insoluble. The action con- 
tinues in the other tubes since calcium nitrate and calcium chloride are 
soluble. 

Rjepeat the. experiment using lead carbonate. The Action soon stops 
with the hy;lrochloric and sulfuric acids because lead chloride and lead 
sulfate are relatively insoluble. 

9.05. Effect of Concentration upCPn Velocity of Reaction 

Make a solution containing approximately 10 gm. of sodium thio- 
sulfate (hypo) in 100 ml. of solution. 

Into three 150-mL beakers, place 10.0 ml., 5.0 ml., and 2.5 ml. of 
solution. In the second and third beakers add 5.0 ml. and 7.5 ml. of 
water respectively so that each beaker contains* 10 ml. of solution. Place 
the beakers over a sheet of lined paper on a table. 

Add 10 ml. of hydrochloric acid (approximately IN) to "each beaker. 
View the lines on the paper hy looking down through the solution. 
White colloidal sulfur' forms in each case. With a stop watch determine 
the time required for thfe mixture to become opaque* enough to make 
the lines invisible. Pretest the experiment *and adjust the normality of 
the HCl if the time of reaction is not satisfactory. 

This experiment may be made more quantitative by further varying 
ihe concentrations or varying' the temperatures of the reactants. Graph- ^ 
the results uang the time as the abscissa ^nd ml. of solution as the 
" ordinate. (See also M.C.A. Experiments No$, 16 and 17.) 

9.06. Effect of Pressure upon the Velocity of Reaction 

Experiments in chemistry involving the effect of increased or de- 
creased pre«urc are difficuh to perform safely with the apparatus usu- 
ally available in the chemistry laboratory. Illustrations with any perti- 
nent industrial applications may serve to illustrate the principles involved. 
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^ ft*! an equilibrium, if the pressure applied to the system is changed, 
UiA equilibrium point is displaced so as to reduce the effect of the 
iMnge. 

(1) Methyl alcohol is commercially produced, as follows; ^ 

CO (gas) + 211. (gas) ^ CH,OH.(gas) 
1 m61e 2 moles 1 mole 

One mole of CO and two moles of Hg produce one mole of CH3OH. 
The CHaOH on the right has a smaller volume. An increase in pres- 
sure brings about the production of more CH3OH which reduces the 
pressure. Similar effects are noted in the Haber process. Compare the 
yield of ammonia at different pressure from data available in many 
^textbooks. ^ 

(2) In another industrial process toluene ^is manufactured by the 
dehydrogenation of methylcyclohqxane, as follows: 

QHu (gas) ^ QHs (gas) + SH^ (gas) 
1 mole ^ 1 mole 3 moles 

In this case, as the reaction proceeds to the right there^is an in- 
crease in the n^unber of molecules.ii^n increase in pressure causes* 
the equilibrium to shift to the fe/i. In order to produce more toluene, 
pressure is reduced and the equilibrium point moves to the right. 

(3) Carbon dioxide is reduced by hydrogen, as follows: 
COa (gas) + Hj (gas) ^ CO (gas) + H^O (gas) 

1 mole 1 mole 1 mole 1 mole 
In this case, there are two moles on either side of the equation. A 
change in pressure will not shift the equilibrium point 

9.07. Effect of a Catalyst upon the Velocity of Reaction 

Prepare oxygen ^y the same general method described in activity 
using a peroxide with potassium permanganate or manganese 
dioxide. Place e^ual volumes of the peroxide in test tubes. Add varying 
known weights of the catalyst to the peroxide. Measure the volume of 
oxygen collected in identical bottles in a given time. Plot the results us- 
ing weight of catalyst as the abscissa and volume of oxygen collected on 
the ordinate. (See also M.C.A. Experiment NoT^O,) 

9.08. Chemical Equilibrium 

. The quantitative aspects of chemical equilibrium not only are chal- 
lenging to the more able students, but also provide them with consider- 
able practice in handling the slide rule and using powers of ten (see 
appendix E-2). Many illustrations are available in college level text'^^ 
books. 
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a. General Eqiiation of Equilibrium. Any reversible chemical 
reaction may be represented by the general eijustion: 

aA + bB ^ cC + dD 
where the small letters represent the coefiBcienls in the equation, A and 
B represent the reactants^ and C and D represent the products. The 
general equation may be applied to specific equations, as follows: 
(1) aA + bB^cC+ dD 

1 CHaOH + 1 HCOOH ^ 1 HCOOCH3 + 1 H2O 

\vhere a = b = o= d = landA = CH3OH, B = HCOOH, 

C = HCOOCH,, D = H,0. 
^ (2) aA + bB ?± cC 

IH2 + 1 Br2:?=i 2HBr. 

Note that dD is missing since there is only one product. . 
(3) aA,5p2: cC + dD 

1 NH4OH :^ 1 + 1 OH- 

Note thaf the bB is missing since there is Shi y one reactant. 

b. Law of Mass Action. The reactions in a dilute aqueous solution 
of acetic acid may be represented by the equation : 

HQ.H30^ + C^HsO,- 

The Law of Mass Action states 'that the rate of reaction is directly 
proportional to the concentration of each' of the reacting substances. In- 
itially the reaction is to the right. As the reaction to the right continues, 
the concentration of the products increases, and, according to the Law 
of Mass Action, the rate at which H+ ions and CsHaOa' ions recombine 
to form molecular HCaHgOa increases. Equilibrium is reached when the 
rates of 'reaction in both directions are equal. At equilibrium the con- 
centrations of the various substances can be related to each ether in the 
following manner: 

rric \/ [Did 
^ = [A]^ X [B]^ ^^here equilibrium constant 

[ ] = concentration in moles per liter. 
Key the equilibrium constant, is a numerical value that varies very 
little for any given chemical reaction at a particular temperature, even 
though the concentrations of the substances involved may increase or 
decrease. 

c. Determination of the Equilibrium Constant, The value of the 
equilibrium constant for a reaction at a specific temperature may be 
determined by precise analysis using equipment not normally available 
in the high school laboratory. To illustrate the determfnation of Kc for 
a dilute aqueous solution pf pure acetic acid at 25°C., the following 
data were obtained : * ^ 
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Staht 


At EQUifeiBmi m (25°C») ^ 




HC3HA 
MoLEs/LlTER 


MOLEO/LlTER 


MOLEB/LlTER 


HCallaOa 
Mol£d/Litbr 


CasVl * 


0^0102 


0.00042 


0.00042 


O.OOUS 


Case 2 


0.0039 


0.00026 


0.00026 


0 0037 


Cas(?3 


0.0017 


^0.00017 


0.00017 


O.OOIG ^ 



The equilibrium reaction is represented as: 
HC2H3O2 H+ + CaHsOr 

[A? 

[H*]^ X [CAOq-^]^ 



Th^equation, Kc = 



Case 1 ; Kc = 



[HQjHsOa]^ 

(>0004^)' X (>Q0042)' (4:2 X lO"^*)* (4 2 X 10-«)> 



Case 2; Kc ^ 



Case 3: Kc 



^(.ooa8)» 


, (9.8 X 10^»)i 


1.8 X 10-"^ 




(.00026)> X (!oS)26)> 


(2.6 X 10-*)> (2.6 X 10-*)* 


(.0037)> 


(3 7 X 10-=»)J 


= K8 X 10""^ 




(.00017)> X (.00017)1 


'(1.7 X 10**)» a-7 X lO-*)» 



(1.0 X KT^)! 



(^0016)> 

i= 1.8 X lO^"^ ' 

Note: Generally, only exponents other than "1" are indicated. 

See appfndix E-2 for rules relating to powers of ten. 

The equilibrium constant Kc is apparently the same for the three 
dilute aqueous splutions of pure acetic acid at 25°C. However, if the 
results were determined using three significant figures rather than two,* 
a slight variation in the value of Kq would be noted. 

9.09. Shifting the Equilibrium Point ? 

4i The effect of a change of concentration on ihe equilibrium point may 
be vividly demonstrated. 

a. DissoUe a small amount of antimony (III) chloride in hydro- 
chloric acid» Add water and note the white precipitate, Sb{0H)Q2. 
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Sfcwly add concentrated HCl. Note the disappearance of the precipi- 
* tate as the reaction reverses. Add additional water and note the change. 
SbQo + Wo ^ Sb(OH)a + HQ 
6. To 100 ml. of water in a 500-ml. beaker, add bismuth (III) 
chloride, mth constant stiiring, until a' noticeable amount of precipitate 
(BiOQ) forms. The equation for the equilibrium mixture resulting trom 
the partial hydrolysis of the salt follows: 

BiQa + "^s^^ Bioa + 2Ha 

The addition of water to the equilibrium mixture will cause the re- 
action to go to the right resulting in the formation of more precipitate. 
►Add some dilute HCl. Observe that the action is reversed and thai the 
precipitate disappears. " 

9,10. Catalysts Bring About Chemical Reactions 

To illustrate a reduction-oxidation (redox) reaction, add approxi- 
mately 4 gm. of glucose, 4 gm. of potassium hydroxide and 2-or 3 drops 
of methylene blue to 175 ml. of water in a 250-ml. flaajc, and stopper. 
(Amounts used are not critical.) 

Initially the color of the solution will be blue because an activated 
complex 5s form^ between the methylene blue and the oxygen dis- 
solved in the water. The oxygen in tile complex is reduced by Jie glu- 
cose %vhich, in turn, is oxidized. When the bxygen is removed itom the 
complex, the solution becomes^colorless. 

Shake the flask. Oxygen from the air in the flask mixes with the solu- 
tion and a blue color again results. On standing, the solution again 
becomes colorless. Repeating this procediire will result in the same color 
changes iftitil the oxygen in the flask has been depleted. If the stopper 
is removed for a short tim€ and jhen replaced, the co^or changes can 
again be produced. - ^ 

In this illustration the methylene blue acta as a catalyst to the reaction 
between glucose and oxygen. This effect is somewhat analagous to that 
of oxygen being taken up by the hemoglobin of the blood until the oxy- 
gen is reduced by food in the body. 
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m umvoftiTY or int stati or kiw yomk 

THt fTATI nWCAHON PKrWMPIT ^_ 

■UMAU or SECONDARY CMdnCUUM DIVILOMMT 
ALBANY 



Reference Tables for Chemistry' 



RELATIVE DEGREE OF IONIZATION OF SOME ACIDS AND BASES 


PICIDS 






cofviytetclu or 


nvxicritti) 
ionised 




complftelv or 




nitric 


oxalic 


hqdroflu5ric 


potoisium^ hydroxide 


MiuiHHih|dr«iif 


hydrochloric 


phosphoric 


acetic 


sodium hydride 


(all others) 


sulfuric 


'Sulfiirous 


carbonic 


barium hydroxide 




hijdriodic 




hjdrosulfuric 


strontium hifdroxkte 




hycirobromtc 




(all others) 


cdlcTutn fHjjdrbxide 





SOLU Bl IITY CURVES 



DENSITY AND SOLUBILITY 
OF SOME COMMON OASES 


NRME 


DINSITY 
y«m/Utffr 


SOLUIlUp 
hcoM warn 


air 


I.Z9 


SS 


ammonia 


0.77 


ES 


carbon diexide 


1.98 


MS 


carbon monoxide 


L25 


SS 


chlorine 


3.21 


MS 


helium^ 


0.18 


SS 


hydrogen 


0.09 


SS 


hydroiien'chloride 


L64 


es* 


hvdrbif n sulfide • 


1.54 


MS 


nitrogen 


1.25 


SS . 


oxygen 


I.«f3 


5S 


sulfur dioxide 


2.93 


vs 


ss>stiMmy soiuiu ms^hokutuv souiiu 

VVS . Yf HY SOUIBLE ES - BXTRtMllY SHUIll 




^ to 



^lO1OfO4O7O8Ot0lM 
TIMPIRATUM 'C. 
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HI 



PERIODIC TABLE 



H" 



LP 



32.9 



r 



IIA 



:.SC 



JBS' 



ATOMIC IWEIGHTS AREvGIVEN TO POUR 
SIGNIFICANT FIGURES IN MOST CASES. 
,UJHEN USED IN SOLVING PROBLEMS, THESE 
WEIGHTS MfiV BE ROUNDED OFI^ TO THE 
NEAREST lUHOLE NUMBER. 1952 INTER^ 
J^lflTIONAL RTO|MIC UJEIGHT$ ARE USED. 

ATOMIC WEIGHTS ^ BRACKETS DENOTE 
THE MOST STABLE KNOWN Jj^pTOPE^ 



1118 



GROUPS 

IVB Va VfB 



VII B 



VHI 



i-a-to-z 



Y\vn 



as' 



«Zr 



XXX 

r 



.,NB 



••lias 

nTa 

(••31HIZ 



•l0X-fit-Z 



^•^J'Z 



z-i-wz 



11115 «>(99} 
0 Jc 



Jle 

ti-n-o-z 



Z>l«'tS-l 



^itaz 



.0 

'z*a*ts*z 



jir 

2-a'i*<z 



jih' 



77" ■ 



NOTE: The cl.c6tronic structures of elements Nos 72-89 
are sHoiun mcomplete. These elements hove 
2 electrons in the first ring^ Qr«^ 8 in the second. 



LANTHANIDE SERIES 





5f 60 \\ 6Z fc3 


S3 


tr 

65 




r|l6S Ml67 «pi69 

Ho Er Tm 

*7 66 «9 


70 71 


ACTINIDE SERIES 


TS" 

10 












103 



HALF-LIVES OF SOME RADIOISOTOPES 



SVMBOLS OF SOME PARTICLES 



f 


5,580 yri 


1" 


8 days 


at 

27 


5.3 yrs. 


IS 


W.3dQys^ 


7f 


2.7 days 


s;? 


20 yrs. 



electron 




alpha 
^ particle 


He' 


proton 


H' 

1 


deuter^n 




neutron 


n' 

0 


4:rit:on 


1 



» ■ * 

♦ » 

. ' . . * / 
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OF THE ELEMENTS 



ATOMIC 
* WEiOHT 

SYMBOL 

Atomic 

NUMBER . 

HECfkONICiTKUaURE 



GROUPS 

— V 

II A IV A VA 



VIA VII A 



5 
13 



IB 



11 B' 



,AI' 



%l2.0t 



6^ 

2-4 



S28 
, i 

28-4 



2a09 



|^I4X)I 



IS* 
Z'9'S 



.or 



•1900 



2-7 



2$'7 



\iS.H 



I 14.003 

He 



Ne 



ro' 

2-f 



Ar 



Z'$'9 



#4 6354 



or 

^•••ti-4 



As 

2- 1 -11 -I 



B 



7»92 

r 



2-8-18'8 



35' 
2-8-I8-7 



a.8-l8-IS-t 



112.4 



.Cd 

2-8-10'(8-2 



114.8 



. n 

2-f'l8-l8-3 



SI 18.7 
n 

z*n8-i«^ 



121.8 



2-8'l8-l8*S 



Je 

a-8-l8't8^ 



1124.9 

i-8-ri-»t-7 



\/ 131.9 

M 

a>l8l8'8 



•18-32-18-t 



l8-n-t8-2 



V|204.4 
81 ■ ■ 



ll-a2'l8-4 



2090 
H-^2-l8-S 



_ I 



I8-32I8-4 



-t*^'l8'7 



•18'32-l8-8 



NATURAL ISOTOPES OP SOME 
COMMON ELEMENTS 



SOME COMMON VALENCES NOT READILY 
FOUND BV USING PERIODIC TABLE 





.0* P" P" 


Me ,HI 


Ne NeNe 

10 10 10 


.Li' .Li' 

3 1 3 




B" B" 


sr sr sr 

14 14 14 




CI" CI" 

17 17 




91 n 92 



nh: 




no: 






no: 


Cu" 


CIO." 


co:" 




HCO." 


so:- 


Sb*- 


Hsor 


so: 


Cr'^ 


Hso; 


PC", 




OH' 





/ 
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MOTWE 
SERIES 

MiTOLS 

"K~ 

Ca 
Ng 
Ma 

HT 
Zn 
Cr 
Fc 
Hi 
Sn 

Tb 
H 
Cu 
Hg_ 

P€ 
Au 



HALOGENS 



Br 



pH VALUES for EQUIVALENT m SOLUTIOh 


s 


hydrochloric acid 


I.I 


alum 


3.2 


(uninoniunfi hydroxide 


n.i 


sulfuric acid 


I.Z 


boric acid 




sodium carbonate 


11.6 


phosphoric acid 


1.5 


pure water 


7.0 


trisodiiim phosphate 


12-0 


citric acid 


2.1 


sodium bicarbonote 




sodium hydroxide 


13.0 


acetic acid 


2.9 


borax 


9.2 


potassium hydnoxidjs 


13.0 



FLAME TESTS 



Na 


yellow 


Ca 


orange-, 
red 


K 


violet 


ao 


yellow- 
green 


Li 


crimson 


Cu 


biue- 
qrecn 


Sr 


scarlefc 







SULFIDE PR 


EClPn^ATES 


Sb 


oroinge 


Cu 


black 


As 


yelloui 


Pb 


black 


Bi 


brouin^ 


Ag 


black 


Cd 


yellow 


Zn 


white 



TABLE OP SOLUBILITIES IN UIATER 


•i -nearly insoluble 
St -slightly soluble 
s - soluble 
cl decomposes 


I 


1 


1 


1 


1 


1 


1 


§ 


1 


!! 
5 




aluminum 


s 


s 




S 


» 


S 


S 


i * 




S 


d 


ammonium ' 






s 


s 


s 


s 


s 






s 


S 


barium 








s 


s 


s 


s 


s 




r* 


d 


calcium 


s 


F 




s 


Ss 


s 


s 


Ss 




Ss 


d 


copper II 


s 


s 




s 






s 


i 




S 


i 


iron II 


s 


s 




s 




s 


s 


i 




S 


1 


iron III 


s 


s 




s 




s 


s 


i 




Ss 


d 


lead 


s 


Ss 


1 


Ss 




Ss 


s 


i 




1 


i 


magnesium 


s 


s 


i 


s 




s 


s 






s 


d 


mercury i 


Ss 


1 




i 




i 


s 


1 




Ss 


i 


mercury ii 


s 






S 


1 


i 


s 


i 




d 


i 


potassiunn 


s 


% 


s 


5 


s 


S 


s 


S 




s 


S 


silver 


Ss 


i 


i 


i 




i 


s 


i 




Ss 


1 


sodium 


s 


s 


S 




s 


S 


s 


d 


s 


S 


S 


Zinc 


s 


s 


i 


s 


i 


s 


s 






S 


i 
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Working in the Chemistry Laboratory 

4-1. Safety in the Chemistry Laboratory 

All activities in this handbook must be conducted under . carefully 
controDed conditions.' The teacher is responsible for taking every pr^ 
caution to safeguard the pupils. Most accidents can be prevented 
if the teatejier and pupils place the proper emphasis upon safety. 
A knowledge pf the hazards whidh exist in the chemistry laboratory and 
the development of proper laboratory techniques are the two mo§t vital 
steps in safety education. / * 

The Safety Record of Industry 

To millions the word "chemical" is still synonymous with "explosion'*' ' 
or "poison." The stock query to chemistry pupils is "What did you 
blow up today ?'VTrue, the fact that some chemicals are poisonous or 
explosive and potentially dangeroui unless properly handled is perhaps 
• the reason the chemical industry has such a splendid record. From neces- 
sity it has been safety-conscious. The chemical industry averages 3.38 
injuries for every million man-hours, compared with 6.38 for all Indus- 
try. Man-hours lost are 37 percent below the national industrial average. 
It is one of the 10 safest industries. Because of incessant vigilance arid 
training in proper methods of handling chemicals, one of the safest 
places a person ciin be is in a modem chemical plant or nuclear research 
laboratory. 

Safety Is an Attitude 

Safety in the high s^ool chemistry course needs to be much more 
'than merely a few "safety tips" on handling acids. Attitude is what 
makes a pupil safe. The development of a proper attitude toward safety 
while young will multiply advantages in aU activities throughout Ufe. 
Teachers are obliged to reaHze how readily pupils perceiye.and imitate 
the attitudes they find in grown-ups they admire. The following attitudes 
and realizations ate important considerations for both teacher and pupil: 
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• Safety is an important subject. 

• Safety is an integral part of the study of chemistry, 

• The chemical industry has a marvelous safety record; the high 
^ ' school laboratory must have. 

• An attitude of **it can't happen to me" creeps up on' all of us. We 
must realize this, and strive to have a habit of self-criticism and 
a desire to maintain a positive, militant safety-consciousness. 

Generai Safety Suggestions ^ 

The teacher of chemistry is urged to consider carefully the following 
recommendations to provide for the safety of his pupils?^ 

• Devote several sessions a year to thejopic of salety. Since the 
impression you create wears o£F rapidly, these sessions should be 
spread out, rather than occurring all in one part of the courae. ^ 

• Equip the laboratory with sensible safety devices such as a firat 
aid cabinet, CO2 fire extinguisher, fire blankets, safety goggles and 
emergency charts. Describe their use to the pupils, and set the 
example by using- them yourself in appropriate situations. 

• Keep a reference, such as the Handbook of Dangerous Materials 
by Sax, on hand in the laboratory, • 

Give special attention to the storage of flammables and other dan- 
gerous materials. The manufacturers will in most cases provide 
necessary details. There may be specific school and municipal regu- 
altions in this regard. 

* • Post a list of laboratory regulations and make the pupils respon- 
sible to know and to follow them. 

• Prepare a bulletin display on safety. (The du Pont booklet, The 
Story 0} Safety, is very useful here.) Include charts such as the 
one ^hown in diagram A-la, 

• Require written reports, on all accidents, even small ones. A printed 
form will add seriousness to this regulation. 

• All chemicals are safe when handled with proper precautions. 
New chemicals are regarded as unsafe until thoroughly tested 
under all conditions. 

• To the beginner, all chemicals are "new." 

• Afmost-all chemicals, however innocent in name, appearance or 
previous uses, can be made dangerous by placing them in the 
hands of an inexperienced person. 

• Knowledge of potential hazards is the chemist's principal shield 
against injury. When he doesn't, know, he looks it up. He knows 
where to look. 

er|c • . 
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Pour liberally on 
spill-Clean up 




(A) For acid spilled 
on desk or floor 



Rubber or cork 
n6h qiass 

One quarh 
capaci^y. 



Sat; NaHCOs 
wil-li indicator 



-Excess solid 
Vineqar or 
5>Acel-ic acid 
(B) For acid on ^ (^)^or base 

hands or clohhcs oniiands orcloHies 

A-la 





Most professional chemists never experiment with explosives. It is 
a highly specialized branch of work, requiring years of trammg. 

i Rocket fuels ate "cbntrolled" explosives. High school teachers and 
pupils cannot be regarded as qualified to experiment safely with 
such fuels, or 4ny similaf combination of fuel and oxidizer. 

. Micro and semimicro. experiments and demonstrations are inher- 
ently safer than conventional ones. 

► When a gr<^\s i,resent, no one is safer than the least safe per- 
son. Safety is a cooperative project. Experienced laboratory work- 
ers refuse to work near a carelfess person. 

» Every person working in a laboratory should undergo a period of 
instruction- in safety for that particular laboratory. Dunng this 
training he should actually operate all the safety devices. New 
teachers in a school should be carefuUy instructed by an expen- 
enced person in regard to safety equipment and regulations. 

• Many demonstrations and experiments have been omitted from 
this handbook because of the possibility of considerable danger to 
the -teacher and/or pupils. Some demonstrations included have 
been designated TEACHER DEMONSTRATION ONLY and are 
accompanied by warnings of specific dangers. All demonstrations 
should be perfocned by the teacher if they are new and untested, 
or when the chemicals or equipment are not exactly as recom- 
mended in the directions, or if special dangers are noted. 
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' A^2. First Aid Treatment in the Clieinjstry Laboratory 
PoIic;f^ 

Teachers should be famUiar with first aid treatment and be able to 
administer it satisfactorily. If a pupil under a teacher's jurisdiction is 
injured, the teacher is required to administer first aid. The school phy- 
sician or nurse, -when immediately present, should take care of any 
serious emergency. In their absence, any member of the school personnel 
shouia administer first aid, and the school administrator or his repre- 
sentative should contact the parents immediately. 

Treatment of a pupil by any of the school personnel is limited to first 
aid treatmint only. Any further treatment is ^e responsibility of the 
parent or legat guardian. . . 

Making a "Universal" Antidote 

NojmaUy, nothing should be given internally except in' an emergency. 
y In the case when a pupil is suspected of having taken an unknown kind 
of poison internally, a "universal" antidote is sometimes ^sed. 

The "universal" antidote is made by mixing thoroughly ^one part by 
weight of magnesium, oxide, one part of tannic acid and fcyvo parts of 
powdered charcoal. Place the mixture in a clean, dry box or bottle. A 
label should be attached, giving the name, use ^d dosage (oL heaping 
feaspoonful in a small glass of warm water). Store in first afd chest or 
wherever ot^ier first aid supplies are kept in the laboratory. 

' Emergency Kits 

An emergency kit should be provided for the use of a physician\ nurse- 
teacher, classroom teacher or othfer responsible person, in case of an 
accident or emergency where it is impossible to bring the injured or ill 
pereon to the health room, lliis kit may be a strong cloth bag or a box 
plainly marked Emergency Kit and should contain: 

• Triangular bandages. 

• Gauze bandages (1-inch and 2-inch) 

• Gauze dressings (steijle, various sizes) 
A Absorbent cotton 

• Adhesive ^ . 

• Applicators (cotton tipped) 

• Tongue depressors 

• A small bottle of a standard s/elected antiseptic 

• Scissors 

• A tube of petrolatum 

• A small package of sodium bicarbonate marked 
^'bicarbonate of soda for bums" 
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Helpful Safety Aids . , , n . 

The Fisher Scientific Company distributes ^ree to schools two excellent 
publications dealing with the topic of safety. - , 

(1) Laboratory Emergency Chqpi 

This ch^rt makes an exceUent ready reference for first aid for the 
chemistry laboratory and should be posted in a coQgpicuous place. It 
includes recommended first aid treatment for the following: 

• Bums and scalds 

• Cuts 

^ • Collapse .1 

• Toxic headaches « 

• Electrical shock » * 

• Emergency treatment for poisoning (including 
treatments for specific poisoning) 

• Artificial respiration 

(2) Manual of Laboratory Safety 

This pariii}hlet contains specific suggestions dealing with: 

• j^ecident prevention 

• First aid 

• Fire prevention 

• Safety equipment ' ^ 

These publications may be received free by writing to Fisher Scien- 
tific Company, 633 Greenwich Street, New York>14.'' 

A'3. Technical Procedures 

Making and Using a Pipelle 

Pupils can easily make a pipette for transferring smajl amounts of 
liquid from one vessel to another. Place a 2-foot length ^of glass tubing 
on a flat surface and make a deep scratch across it with a triangular 
file. Hold the tubing so that the cut is away from the body and grasp the 
glass so that the thumbs are behind the scratch. Using the thumbs as a 
. fulcrum; gently pull the glass tubing toward the body. The glass should 
break easily at the scratch mark. 

The ends of glass tubing should always be fire-polished. Hold the 
tubing so that one end is just above the blue co^e of a* bunsen flame. 
Rotate the glass and reriR)ve *it as soon as the end appears to be smooth. 
Caution pupils about touching hot glass since serious burns may occur. 
The polished end should be completely cooled before fire-polishing the 
other end. 

Heat the center of a 12-inch length of tubing and keep rotating the 
glass in the flame until il becomes pliable and soft. Remove the tubinjg 
* * • 
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from the burner and slowly puU the ends in opposite directions. The 
heated area will stretch into a fine capillary tube. Cut at the thin center 
to form two pipettes. ^ ^ 
When the two pipettes have copied, lower one of them into a test tube of 
^ water. When the water has risen in the tube, place the index finger firmly 
over the top of the pipette. Then remove the finger. See diagram A^Sa. 

Pouring Liquids * ^ 

Diagram A*3b illustrates the proper procedure to use when pouring 
liquids from a bottle. 




A-3b 
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Assemfeling Apparatus for Making and CoUecting Gases 

Fire polish the ends of an S-inch length of glass tubing. Now with a 
wing top in the burner hold the tubing lengthwise above the flame of a 
burner with a wing top as shown in diagram ASc, Rotate the tubing 
with both hands, and heat the center section untU it becomes soft and 
pliable. Remove the ^ass from the flame and bend it to fonn a right 
angle. If the hot glass is placed on an asbestos square^ the corner of the 
square can be used as a guide for making the right angle. 
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The teacher should drapotistrate the correct method for inserting a 
glass bend and thistle tilbe into a stopper. Point out that the glass must 
be wet before the tube is twisted into the stopper. Point out also that the 
tube should be held near the stopper while twisting and pushing it rather 
than at the bend or by the thisde. Explain to pupils why the end of the 
thisde tube must be under the surface of the liquid in a gas generator 
and how the thistle tube acts as a safety device. S« diagram A-3d. 
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To coBect gases that are not readUy soluble in water, fill a pneumatic 
trough or other overflow pan with water. Fill two or three collecting bot- 
tles with water and cover them with glass plates. Holding the covers on 
tightly, invert the bottles, set them in the pan and remove the plate. Put. 
the end of the delivery tube in the mouth of one of the bottles. If the' 
pan has a shelf ^viih a hole in it, set the bottle over the hole first and 
then introduce ,the delivery tube into it. When the bottle is filled with 
gas, cover it again with the glass plate and remove it from the water. 
Fill the remaining bottles the same way. 

If a gas collected is heavier than air, set the filled botd^ upright. If 
the gas is lighter than air, set the bottle On the glass plates in the in- 
verted position. 

When dismantling the generator, leave the thistle tube in the rubber 
stopper for future use. 

To collect gases that are readily soluble in water requires that the 
gases be collected in some maniier other than the general method illus- 
iratpci in diagram A-M, Generally, gases lighter than air are cdlected by 
the downward displacement of air, and gases heavier than air are col- 
lected by the upper displacement of air. Laboratory manuals for high 
school chemistry contain diagrams and specific instructions for the prep- 
aration and collection of gas^ such as ammonia, which is lighter than 
air, and chlorine, which is heavier than air. 

Filtering Liquids 

The proper stepls. involved in the filtering of liquids are illustrated in 
diagram ASe. 
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Using the Balance 

The ordinary platform balance is satisfactory for most purposes in a 
beginning chemistry course. Usually, this type of balance is accurate to 
0.1 gm. To carry out more precise W9rk a balance of greater sensitivity . 
^vill be requirSl and usually the techniques of weighing are more in- 
volved. Specific instructions accompany each type of balance. Ihe 
teacher and pupils should not attempt to use the various types of M- 
ances untU they are familiar vvith the proper procedures which include: 

• Before usi^g a balance be sure that the weighing pan or pans are - 
clean and that the pointer oscillates freely over the range of the 
attached scale when the "slider" is set at zero. 

• Determine the "rest point" of the balance. The correct procedure 
is usually included in the instructions that accompanied the bal- 
ance. Many laboratory manuals contain instructions for determin- 
ing the rest point. 

• If weighing paper is to be used, place the square (s) on the plat- 
form ('s) before determining the rest point. 

• Weighing paper usually consists of squares of glazed paper. Discs 
of filter paper may be used if glazed paper^is not available. 

• When using a platform balance, always put the object to'ba 
weighed on the left platform (when facing the front of the bal- 
ance) and the weights on the right platform. 

• Add larger weights first ani continue to add weights until the 
' additional weight required can be added by moving the slide along 

the scale on the balance. 

• The use of larger weights first reduces the number of weights re- 
quired which in turn reduces the chance for error and the time re- 
quired for weighing. It also makes the smaller weights available 
when they are needed. 

• Don't drop objects to be weighed or weights carelessly on the bal- 
ance. Jarring the balance unnecessarily may result in damage to 
the bearing surfaces and a consequent loss of sensitivity of the 
balance. 

• Keep the weights clean and avoid damage to them by dropping and 
exposure to corrosion. , 

• After using balance, return the weights to their container, making 
sure none has been misplaced. 

Using the Hood q 

To eliminate poisoning by gases or fumes in the laboratory or class- 
room, care must be taken to avoid inhaling them even in low concentra- 
tions for a short time. The sense of smdl is not a reliable guide to detect 
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poisonous gasea. Some of the most dangerous gases have a pleasant odor 
or none at all. — ^ /- -r^ 
Properly installed hoods should have: 

• The exhaust terminated in a safe place to prevent contaminants re- 
turning into the building 

. ^ • Separate ventilation, each having its own exhaust fan and duct 

. • Exhaust fans that are spark-proof and corfosion«resistant 

• Doors with full -vision panes of safety glass 

• DooSs that areccounterbalanced so that they can be raised or low- 
ered easily and that stop 1 inch from the bottom to permit ade- 
quate ventilation 

The hood should be in good working order and the importance of 
using it impressed upon the pupils by the g6od example set by the 
teacher by: 

• Using the hood when working with gas^ such as carbon monox- 
ide, hydrogen sulfide, chlorine, sulfur dioxide and nitrogen dioxide 

• Using the hood when working with liquids such as benzene, ether, 
carbon disulfide, methyl; alcohol and carbon tetrachloride 

• Not using the hood as a storage place for textbooks, laboratory man- 
uals and science ;i]^paratus > 

Using the Bunsen Burner 

The bunsen burner is used to nSix air and gas in order to obtain a de- 
sired type of flame. A clear blu^ flame that burns with a mini^nuip of 
noise is best for most purposes. Skill at varying the air and gas mixture ' 
to produce the d^rei type of flame should be acquired. Specific details 
regarding the use of the bunsen burner can be found in most high school 
laboratory mariuals. CAUTION: Keep face and other parts of the body 
to one side of the bunsen burner when lighting the gas* 

• To liglit burner turn the gas on partially (keep air supply to a 
minimum) and place a lifted match near the barrel top. ^ 

• Adjust' the air supply so as to jsecure a blue flame with a well- 
defined inner cone, * 

• A yellow flame indicates incomplete combustion and will deposit 
soot. 

• A clear blue flame indicate complete combustion and will not de- 
posit soot. 

• When gas and air are adjusted zo thai iere will be no excess of 
either, the flame will appear to have a well-defined inner cone. 

• The region immediately above the inner cone is the hottest part of 
the floipe. 
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• The tip of the outer flame is relatively rich in oxygen and is re- 
ferred to as the oxidizing flame. 

Heating Liquids and S^lida . u ,• o 

TheTeacher and the pupils will find many occasions when heatmg a 
liquid or ;>lid ^vill be necessary in the chemistry course. The teacher 
should know the safety precautions necessary and require P"P'k to be 
familiar mth correct procedures before they heat any substance m the 
laboratory. High school laboratory manuals usually contain the di<|srams 
and instructions pertaining to the proper techniques for heating sub- 
stances in the chemistry laboratory. 

• The ilse of some protective device for the eyes is recommended 
when heating liquids. 

• Never heat a test tube containing ^any substkncc (including water) 
while it is pointed toward you or anyone else. 

• Always use a test tube holder when heating any substance in a 
test tube. , . j^ 

• Place beakers, flaScs and evaporating dishes on a wire gauze to 
spread the heat when using a ringstand. 

• Use a water bath to evaporate liquids that will catch fire easily. 

• To heat a substan.^ in a crucible, support the crucible on a clay 
triangle and let the%ame strike the crucible directiy. 

• The formation of large bubbles in boiling, due to local super- 
heating and referred to as "bumping," can sometimes be pre- 
vented by the addition of a few glass beads or small pieces of 
capillary tubing to the liquid. 

• In situations where the temperature must be controUed witii a high 
degree of precision, tiie use of drying ovens and electric heating 
mantles will be necssary. r 

4-4. The Chemical Stockroom 

A well-organized system of storing chemicals and otiier supplies is one 
meana of reducing the time required for laboratory chores 
Note- The following suggestions should be considered only if they do 
nor conflict with local ordinances or school regulations governing the 
storage and handhng of chemicals. 

M) Storing Chemicals. The chemical stockroom can be dividpd 
^ into tiiree main areas for tiie storage of reagents. Bottl^of solutions and 
diluted'acids and bases are put togetiier in one section. The lower shelves 
on all sides of tiie room are reserved for concentrated acid supplies and 
large stock botties. Other chemicals can be placed on tiie remaining 
'Shelves. 
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Containers should be arranged in a well-defined order so that time is 
not wasted in hunting for a specific materiaL Refer to the chemical sec- 
tion in any scientific catalog. Note the alphabetical order in which the 
names of the chemicak appear. Although a metal and its compounds are 
grouped together, observe that the metal is listed first, then the com- 
pounds according to the alphabetical order of the anions. Use the same 
system" to store the reagents in each section of the stockroom. 

As the chemicals are placed on the shelves, arrange the bottles in 
rows. Place only the same material in the same row when the shelf is 
above eye level. Elsewhere, different reagents can be arranged in the 
same row providing the containers areiar enough apart for their labels 
to be seen easily. 

The section of the shelf required fQr the storage of 9 metal and its 
compounds^hould be marked off by a strip of masking tapeJastencd to 
the edge of the shelf. Using a felt pen or dark crayon write the name 
of the metal on the masking tape labd. The same kind of label is used 
to mark all sections of the- shelving. 

(2) Storing Glassware. Since most of the glassware used by the 
pupils and teacher is kept in the demonstration or laboratory desk 
drawers, only the reserve supply needs to be kept in the stockroom. Keep 
the glass in the original cartons, but marie each box with the name and 
size of the contents. Place the packages in a convenient place in the 
stockroom. Often the top shelf is used. 

Some laboratories have separate cupboards for the storage, of glass- 
ware. Assign a place for each kind of glass apparatus, and then subdivide 
the area according to thfl^size of the apparatus. Mark each section with 
masking tape labels. 

(3) Storing Other Apparat;us. Because chemical fumes can be 
caustic, it is best to store metallic apparatus outside of the chemical 
stockroom. If sm^ drawer space is available in the laboratory, use a 
separate drawer for each type of apparatus. Large drawers can be par- 
titioned off to allow like materials to be stored together. Always label 
the drawers. 

If only shelf space is available, select boxes which just fit in between 
the shelves. Remove the box tops, and put each type of apparatus into a 
separate box. Set the labefled containers in alphabetical order on the 
shelves. As its contents are needed, a box can be pulled out like a drawer. 

(4) Storing Other Sf^plies. Use the system described in (3) above 
fo;- the storage of supplies sueh as filter paper, wooden splints, sponges 
and corks. Keep the different sizes of rubber stoppers and corks in sepa- 
rate containers. 

(5) Keeping the Stockroom Equipped. Jhe yearly supply order 
can be done easily; 
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M Keep a clipboard hanging in the stockroom. As a supply of a 

• reagent falls to less than that needed for the next schoal year, write 
the chemical's name on the clipboard. Use tlfe Kst for makmg out 
the supply order. 

• Buy reagents in five-pound quantities where possible and where 
large quantities are to be used. The'larger the quantity, the cheaper 
the rate per pound. Bulk buying reduces the length of the yearly 
supply order since the larger quantities will last usually for more 
than one year. 

(6) Dispensing C^micals from the Stockroom. Supplies for labor- 
atory classes can be quickly distributed if there are as many botlles of 
each reagent as there are supply tables or shelves in the laboratory. 
^ As each chemical is unpacked, fill the required number of jars. 
Leave the excess material in .the original container. Place all the 
jars on the shelf according to its alphabetical order. After use, re- 
fill each bottle before returning it to the shelf. 

• Make several Kters of a solution at a time. Fill the required num^ 
her of bottles, &nd store them in the solution section of the stock- 
room. Excess solutions-can be kept in large stock bottles on the 
lower shelf. 

• Do not discard the empty concentrated acid bottles. Remove the 
labels, and wash the bottles. Use them^ to store other solutions or 
quantities of diluted acids. 

• Ck)lored plastic spoons can help prevent contamination of supply 
bottles resulting from the use of spoons to which other chemicals 
are sticking. On the laboratory blackboard list the formula for each 
solid to be used. After the formula put a colored square that 
matches the color of the plastic spoon to be used With that reagent. 
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Visual Aids 

Most topics in chemistry can be visualized. Visualization is always 
used to good advantage by itself as well as to accompany teacher pres- 
entations. A wide variety of visual aids can contribute to the undei^tand- 
ing of chemical principles and phenomena. These include; 

• Overhead projectors 

• Models 

^ Teacher demonstrations 

• Individual pupil laboratory work 

• Films, slides and filmstrips 

B-2. The Overhead Projector 

The overhead projector is proving to be of special value in chemistry 
instnictioij. Since the projector is^in front of the room, the distance from 
the light source to the screen is'only 5 to 8 feet, and the light intensity 
is remarkably preserved. The projector used in the laboratory should 
have a 10 X 10-inch stage and use 750-watt or 1,000-watt lamps. Some 
advantaged of the overhead projector are> 

• The projector will not On^ accept slides, but the depth of focus 
is also such that many physical demonstrations can be projected 
greatly magnified. 

• In a fully lighted room the teacher works facing the class, main- 
taining perfect classroom contact; the pupils can take notes or copy 
diagrams, while blackboard work and other types of demonstra- 
tion tie into a smooth running discussion without interruption of 
concentration. 

Ventilation of the room is undisturbed. 

• Visibility is excellent even in a large room. 

• All transparent materials are projected in full color, other materials 
in silhouette. AD motion is projected. There is nothing to thread, 
no slide holders or moving parts of any kind. Slides are placed on 
the projector right side up (instead of "upside down and back- 
wards"), and the teacher sees on the projector, without turning 
his head, exactly what the class sees on the screen. 
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• The illuminated stage of the projector makes an excellent demon- ^ 
stration stand even 'without the projection feature. 

• Many ideas for using the^projector have been advanced incTudnig 
demonstrations of acid-base indicators, ilfeiction of metab with-' 
acids and crystallizations. 

Under conditions found in many laboratories the best projector stand . 
height is about 40 inches. This'stand may be an ineaqpensive commercial 
filing cabinet mounted on a homemade dolly with casters. 

Construct a permanent comer screen of inexpensive wallboard and 
paint it with three coats of flat wWte paint This has several advantages. 
Located in the comer, it is not obstmcted by apparatus on the demon- 
stration table, and in tum does not obstmct/the blackboard. No pupil 
sits behind the projector, which is in the side aisle. A beaded screen 
reflects a more brilliant image to those seated in front of it, but a matte 
surface gives an equal view to all seats in the room^ 

The foHewing suggestions should aid teachers in the effective use of 
the overhead projector. 

• Hand-Drawn Slides. Qear acetate sheets are inexpensive. Art 
supply stores cairy an ink that will cling to the acetate without 
coalescing into droplets. 

• Diazo Process Slides. Production of sHdes becomes much easier 
by drawing on plain paper and transferring to a slide by the diazo 

V process (also called a "foil") . There is a paper available marked 
with a graph mling, that does not reproduce onto the slide; this 
makes a neat and square diagram easy to achieve. This paper 
"master" and the sheet of diazo slide are exposed to ultraviolet 
light (a suntan lamp)L and then dry developed by exposure to am- 
monia fumes* (a wad of absorbent cotton Soaked in concentrated 
ammonia solution in a pickle jar). The job of drawing the paper 
originals may be done by pupils. 

• Photocopy Process Slides. Photocopy machines may also be 
available m office and schools, and a material is now available for 
making fine transparent slides. The photocopy profiess seems a little 
more expensive all around, but has the advantage of being able to 
make slides from an opaque material or material that is printed on 
both sides. The ideal situation is a combination of the two methods 
—diazo and photocopy. 

• Autopositivc Paper Method. This spectacular material docs not 
require a darkroom or special light source and will make paper 
•masters" from any kind of original material. It makes the very 
best copies of photographs.^ 
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. • Photographic ProceBs Slides. If the teacher likes photography, 
or a pupil Happens to be an advanced amateur, this is die only copy 
process in which the size of the original material can be enlarged. 
While something can be done with conventional amatlur materials, 
there are cheaper and far better materials made specifically to do 
this job. These materials are not^sold by local camera stores, but 
the dealers ore listed as suppliers to the graphic arts or industrial * 
photography. 

Diagram Bda illustrates the principle of the overhead projector. 
Parts and Arrangements of an Overhead Projector 

1. Lamp 6. Aperture 

2. Reflector 7, Mrror 

3. G)ndenser lens S. Qbjectiye lens 

4' 9. Front surface mirror 

5. Path of light 

The overhead projector as seen in actual operation is shown in dia* 
gram B-lb, 
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B-2. Atomic and Molecplar Models 

The creation of accurate visible modek was the break-thrfl 
in modem physical science. Models are put to daily use ir 
research and are now considered to be among-the basic "todfs of the 
chemist." 

The following three distinct classes of models are valuable: 

• Atomic models used to show the arrangement of electrons about 
the nucleus 

• Molecular scale models (snap-fastener type), principally used to 
iffiistrate ihe arrangement of atoms in covalent molecules 

• Crystal models (peg and ball types) , usually nonscalar, used to 
show the arrangement of atoms in ionic lattices 

While the teacher is cautioned against spending excessive time of Kis 
own or Ahat of the pupils, a certain amomit of valuable instruction is 
gained by constructing three-dimensional models of siyroxoam. Styro- 
foam spheres are available in Various sizes and colors from Star Band 
* Company, Broad and Commerce Sti^eets, Portsmouth, Va. 

Use black masking tape strips (1^ in. x 1 in.) to label the electron 
spheres; two strips indicate the *'plus" charge on a proton; no indicated 
chargi on the neutron. Use white vinyl resin water-glue to fasten im- 
bedded ahiico magnets into the spheres, the spheres will then stick to 
steel chalkboard. , 
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Use tempera paints, mixed with water (plus a drop of liquid deter- 
gent). Brush paint onto styrofoam spheres with a soft camel hair brush. 
Dry. Seal on color with a spray of Krylon Crystal Qear at a distance 
of 1 foot. (Alternate painting: Dip spheres into water emulsion latex 
paints. Several 'dips with drying between goats will give a firmer sphere 
than obtained with the wat^i^^j^empera paint.) 

Atoms ^an he fastened together with pipe-stem cleaners, dipped into 
white vinyl re^in water-glue. 

Commercial models may be obtOTi€3"'fji;^ several supply houses. 

B'3. Constructing a Felt Board 

^Although many activities can be presented by using only a black- 
board, the felt board can be used to give a fresh approach to the 
subject. This visual aid is seldom used in high school, and its colorful 
display demands the immediate attention of the pupils. The speed with 
which it can be used and its materials changed makes the felt board 
an easy device to use. 

An inexpensive fclf^board can be made from one-half yard of colored 
felt. Use masking tape to fasten the felt cloth to the blackboard, or 
staple the material to heavy cardboard, and set it on the chalk tray. 
In mounting the felt, be sure that the cloth is stretched out smoothly 
^and is ^securely fastened. 

Materials to be displayed on the £elt board may be made from 
felt. Ifee a razor or scissors to cut objects from contrasting colored 
felt. One-fourth of a yard of each of six diflferent colors of felt should 
be sufficient ta (pake all the cutouts needed for activities using the felt 
" board. The two' felt surfaces adhere togethermntil disturbed. 

If it is desirable to add a name, symbol or formula to the felt board, 
a card bearing the information should be made. Use a pen and India 
ink or a felt marking pen to print the information oh a file card or 
piece of cardboard. To make the card stick to the felt, paste the smooth 
side of strips of coarse sandpaper on the back of the card, and press 
the card against the felt board. The sandpaper's rough surface will ad- 
here to the felt. The size of the sandpaper strips depends upon 
the size of the card to be held on the felt. A 1- x 3-inch strip can hold 
a 3- X 5-inch file card in position. , 

Felt board materials can be stored in enveldjDes, folders or i)oxes 
and used over A period of several years. 

Note: It is important to prepare all felt board materials in advance 
of the class period. The effectiveness of this visual aid depends upon 
the speed with which the materials can be changed. 
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Planning a Field Trip 

Whether the field trip is short or extended, its success as an educa- 
tional experience is largely dependent upon proper planning and proper 
conduct on the part of the pupils. The following suggestions should 
prove helpful in planning a meaningful field trip. 

(1) AJvapice Preparation for the Trip. Each trip should have a 
definite objective. For example, the objective might be to observe the 
work of a research chemist in a research laboratory. The teacher and 
pupils should work oiit together a list of observations to be made* 

Previous to. the trip, tfie teachet should go to the site to be vSsited. 
Plans for conducting the observations should be made on^the spot. It 
is hcjpful for the teacher to m^e a feW notes for a short talk to the 
pupils and to jot down additional items that might - be called to the 
attention of pupils. Some items might .include: type of equipment used, 
organization of the laboratory operation, types of products produced 
and uses of these products. 

♦The teacher should check the preparaticin of the class visit carefully 
by verifying the time, pejmission and special instructions with the 
person m charge of the institution involved. 

(2) Preliminary Insthictions. The following points should be con- 
sidered carefully: 

O Purpose of trip and destination explamed fully in advance of 
the trip ' ^ 

• Time of departure and return 

• Appropriate clothing 

• Some specific things to observe 

m Equipment needed, particularly notebooks 

• Safety precautions to be followed 

• Necessity of keeping together and with the teacher and leader 
0 Parental permission slips 

• Provision for lunch when necessary 

1 
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(3) Conducting the Trip. The foUowing points should he observed: 

• Be sure that all comments on observations are simple and adapted 
to the level of Uie group, 

• Encourage questions and be sure that all hear and understand 'the 
questions and answers, . 

• Repeat all important points again and . again, 

• Give more than facts and names; if possible, present "human in- 
terest" information about iteniis seen, 

• Make the most of unexpected occurrences and observations vol- 
unteered by the group, 

• Check to make sure pupils are recording pertinent information 
and observations in their notebooks, 

• Emphasize the relationship of principles of chemical reactions to 
human and/or industrial applications, 

• Insist upon proper conduct, 

(4) Summary of the Trip, The following points should be included 
in the summary: 

• Discuss the highlights and important findings. This is biest doile 
on the spot after observations have been made and relationships 
pointed out, * . . 

• When space is available, pupils Can be seated comfortably for an 
overview of the observations made on the trip, 

• If necessary, the summary may be made lib the classroom im- 
mediately upon returning. The important thing is tlSlt the trip 
should be so timed as to provide opportunity for a summary, 

• For most^ trips oral and written reports by pupils are appropriate, 

(5) Evaluation, Important facts and* concepts relating to the field 
trip should be evaluated by incorporating them in examinations. 
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Preparing Reports 

D*L Using the Library 

No course in chemislry should be bound by the content, Views and 
tlieoriea expressed in a single textbook. Frequent assignments requinng 
the use of the library not only allow for a wider scope of ihp subject and 
a variety of viewpoinls but also provide for a means of presentmg up- 

• to-date scientific chemical knowledg^ 

Before the library is to be used^ connection with a teachmg assign- 
ment, it is ajjsolutely necessary 4at the, teacher of science be acquainted 
with the resources and serviced of both the school and community libra- 
ries. Vi^it e^ch library early in the school year. , 

• Meet the librarians and explain the purpose of the visit. ^ 

• • Look through the 500 and 600 sections of the shelves to see what 

science books are available. 

• Check the periodical list, and note any scientific magazines that can 
be used. Explorgthe periodical indexes such as Reader's Guide to 

^ Periodical Literature, 

m Examine the material in the pamphlet file. It may contain useful 
materials for a chemistry class or the bulletin board. 

• Check the procedure that should be used when materials are to be 
borrowed for use in a class library. 

• Find out what system is to be followed when books are to be 
placed on reserve. Reserving books makes it possible for a large 
number of pupils to use the materials in a short period of time. 

• Often books can be obtained for the class through a State Library 
or other interlibrary loan. Inquire about the procedure that is to 
be followed in using this service. 

• Ask if the library compiles^ a bibliography for a specific subject 
area. It is helpful in planning reading assignments if a bibliog- 
raphy is available, 

• Some libraries have films and records for circulation. Visit the 
audiovisual section. Find out what is available for circulation and 
the conditions under which they are borrowed. Obtain the library's 
audiovisual catalog. Other film and filmstrip catalogs are usually 
available. Ask to see them. 
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• Have ilic librarian show you some science books designed to fit the 
needs of the poor reader. Remember tliat a slow reader can be en- 
couraged to enjoy aMibrary assignment if the teacher steers him 
toivard books he can handle. 

The first rule of using a library is: Know your library. 

Although it is impossible for a science teacher to read all the books in 

the library, he must be familiar with the literature he expects the pupils 

to use. 

• Quickly scan the books in the area to be covered by the assign- 
ments. Numerous diagrams, mathematical treatment and technical 
vocabulary are the dues tp the depth of the books. On the bibli- 
ography, code the books Ibted: l--easy to read, 2— more ad- 
vanced, ^very technical. Use the information when making as- 
signments to specific pupils. 

Set up a definite personal reading program. Include scanning new 
books, periodicals, abstracts and book reviews in professional mag- 
azines. Books of special interest should be studied more thoroughly. 
The second rule of using^e library in teaching is: Keep acquainted 
with the lUerature available. 

The librarian fcan be of great assistance to teachers and pupils. 

• In fnany schools a librarian can arrange to teach the class about 
the science section of the libi^ary. The lesson may also include the 
use of the card catalog, a tour of the library, borrowing procedures, 
the use of reserve books and reference books such as scientific dic- 
tionaries and handbooks, and periodical guides. 

• Ask the librarian to give some science book reviews to the class. 
Often many students are inspired to read books that ordinarily 
they would pass by. ^ , 

• Remember that a librarian is a busy person. Plan visits with her at 
least a week in advance. Also give advance notice concerning an 
assignment that will involve the use of the library. Pupils can have 
more help and materials when the library can plan for the science 
pupils in large numbers. ^ 

• Be specific in the assignments. Don't make them too general. A 
librarian cannot be expected to have the science teacher's store of 
science knowledge. However, she is trained to use library tools 
which supply information on definite questions. Make the assi^- 
ment clear to both pupils and librarian. ' 

The third rule definitel)r says: Give the librarian a chance to work 
effectively. 

When planning assignments that will include the the library, 

remember that it is not -always convenient for a pupil -jfogetta the public 
library in the evening, that his schedule may not alldw him to go to the 
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school library that day and that the pupU may want to read more than 
has been a£3igned. 

• ABow at least two days for a library assignment. Usually the as- 
signment can be given several days in advance so the pupil can 
budget his time accordingly and plan to use the library at his 
convenience. 

• Be sure the library has information of the assignment. Don't waste 
the time and efiort of the pupils and the librarian. 

• Plan to have some discussion on the assignment. Don't let pupils 
feel the library assignment is not important. 

• Many teachers give extra credit for additional reading assign- 
ments. Be sure to expect the quality of the reading and the amount 
covered to be in keeping with the ability of the pupil. 

Th^ fourth rule indicates: Library assignments require more time to 
prepare than the usual day-to-day ones. Plan ahead, • 

D'2. Making an Assignment Requiring the Use of 
Reference Materials 

After the pupils have become acquainted with the r^ources of the 
library, assignments requiring the use of reference materials should be 
encouraged. The preparation can involve the entire class, a small group 
or an individual pupil. 

Assignment Involving tlie Entire Class 

Sometimes it is desirable for the entire class to turn to the library 
for additional information on the subject under discussion. 

• Make the assignment in the form of a question, such as "What 
additional information can be foand on this topic?" Be sure the 
pupils know exactly what the topic is. Expect only a random sam- 
pling of the resources. 

• When the topic is broad, it is wise to* divide the' class into groups. 
Make- each group responsible for a definite phase of the subject. 

• At times it is desirable to have specific reference materiab used. 
Before class time prepare a bibliography card for each resource. 
The card should include information such as title, author, pub- 
lisher and copyright date. When giving the assignment make each 
pupil responsible for the reference listed on the bibliography card 
given him. 

• Another technique of giving assignments centered around specific 
. references uses a master bibliography list. If possible, at the begin- 

nmg of the year give each pupil a copy of the list. If each reference 
is numbered, the assignment can be quickly given since the teacher 
refers to the list number rather than the author or title. 

QQ ■ 



360 



CHEMISTOY HANDBOOK 



After lime has been allolled for the completion of the assignment, 
have th^ pupils report on their findings: 

• A few pupils may gi(^ a detailed summary of their readings. Addi- 
tional facts may be contributed by the rest of the dass. 

• Each pupil may contribute one or two items gleaned from his 
reading. 

• A team may compile one report which is either read by one of' the 
team members or is duplicated and a copy given to each pupil. 

• A panel made of one member from each team may discuss the 
assignment. Questions coming from the class are referred to the 
appropriate team for answers. 

The Group Assignment 

When the amount of reference material is limited, it is wise to ask 
only a small group of pupils to use the material. Employ the same tech- 
niques listed for class assignments. 

The^Pupil Assignment 

Usually the individual assignment comes on the spur of the moment: 

• A pupil is asked to look up something in a dictionary or handbook. 
The information is given to the class within a few minutes. 

• Someone wants to know something not of general interest or in the 
realm of subject matter being discussed. The teacher refers the 
pupil to a specific reference (s) for obtaining the answer. 

• When a question is raised relative to the subject under discussion 
and the teacher does not feel he should answer the question, the 
pupil is referred to a resource. Again it is wise to steer the pupil 
toward the best references. 

• A question sometimes comes up, and the teacher does not know the 
answer. Do not hesitate to admit a lack of knowledge. Give the 
library assignment to the pupil, but also include a statement that 
the teacher will look up the answer, too. Make the class report a 
pupil-teacher one. < ^ 

D-3. Writing a "Research" Report 

Pupils should be assisted by the teacher in receiving information 
relative to the correct procedure for drafting a "research" report. This " 
will not only assist the pupik to learn the correct method but prevent 
them from wasting time upon incorrect and time-consuming processes. 
Discuss such points as the onc5*4isled below: 

• The title should be descriptive and specific. 

• Thd| report must show evidence of organization. 
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• A short abstract of the contents and conclusions precedes the body 
of the report to provide the reader with a quick survey. 

• The body of the report follows an outline that insures that all points 
will be covered and that the writing is kept on target. 

• The content is factud, objective and easily read. 

• The correct word is used. Knowledge of language is evident, and 
the spelling is flawless. 

• All conclusions and recommendations are supported by evidence of 
quotation. 

• The scientific apparatus is accurately described, and the working 
details of experiments are complete. 

• Illustrations, such as diagrams, curves, photographs, charts and 
tables, are used freely. 

• The work of other scientists is always given credit. 

• Footnotes and* references are provided. 

• The most important discovery is not a contribution to science until 
it has been communicated to others. 

The standard form for an outline should^ be used. 

I , 

A 

1 ^ 

2^ 

a. — 

b. _ 

B ^ 

II. ^ 
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Mathematics Used in Chemistry 

B-2. Significant Figures ^ 

Any measurement is by necessity only anypproximation because there 
is no measuring device which is absolute^ Jperfect. If the weight of an 
object is given as 20.3 grams, this indigiit^ that the weight of the mass 
was determined accurately to the nearest tenth gram ; 20.30 grams indi- 
cates weight to the nearest hundredth gram; 20.300 grams to the near* 
est thousandth gram, and so on. The number 20.3 contains 3 significant 
figures (2, 0 and 3) , 20.30 contaias 4 significant figures (2, 0, 3 and 0) . 

A significant figure is one which is knoion to be reasonably reliable. 
Zeros which appear in front of a number are not usually significant 
ures but those which appear after a number are significant figures, 
or example; 

0.083 — 2 signi^cant figures 
^ 430 -r- 3 significant figured 
^ ' 0.006158 — 4 significant figures 

7.006158 — 7, significant figures 
16,800 — 5 significant figures 
The following rules will assist pupils when rounding off a number: 

• When the number dropped is less than 5, the preceding number re- 
mains unchanged. For example, 5.3634 becomes 5.363. . 

• When the number dropped is more than 5, 1 is added to the pre- 
ceding number. For example, 2.4158 becomes 2.416. 

• When the number dropped is exactly 5, if the preceding number 
is even, it remains unchanged; if the preceding number is odd, 
1 is added. For example, 3.745 becomes 3.74 while 5.375 be- 
comes 5.38. 

• When adding -^^subtracting, the answer should be rounded off 
so as to contain the least accurately known figure as the final one. 
For example, * 

Subtract ^ 

32.6 

431.33 531.46 
6144.212 86.3 
66087142 = 6608.1 14516 = 445.2 
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• When multiplying or dividing, 
off so as to contain only as m 
tained in the least accurate ni 

Multiply 



1.36 
4.2 

544 

5?7l2 = 5.7 



the answer should be rounded 
y significant figures as are con- 
iber. For example, 

Divide 



5.1 2.13 
2.39 = 2A 
2.13V5.1000 
426 
8^ 

639 V „ > 
2010^ 



£-2. Powers of Ten 

Very large and vei;y small numbers should be expressed in exponential 
form. These large and s^all numbers are expressed as 10 raised to a 
given power. 

A power (exponent) indicates how many times a number is repeated 
as a fact6r. For example, ^0 x 10, which, is 10 repeated as a factor 
twice, is 100 = 10*. 

Any number raised to the zero power equals 1 (10** = 1). A number 
with a negative exponent is the reciprocal of that numbe/ with a 

positive exponejit, for example, 10"^ = = 1,000 ^ ^-^^ 

The following table illustrates the use of powers of ten: 



ioo,ooa 




10» 


10,000 




10* 


1,000 




10^ 


100 




10^ 


10 




10* 


1 




10*» 


0.1 




10-1 


0.01 




10-2 


0.001 




io-« 


0.0001 




10-^ 


0.00001 




ia-» 



"^he following rules will assist pupils when working with powers of 



ten. 
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• Adding and subtracting exponents. Ejcponential numbers may be 
added or subtracted if the powers of 10 are the same. For example, 
5 X 10» + 2 X 10' = (5 + ^2) X 10^ = 7 X 10». If the 
numbers to be added have different powers of 10, then the 
powers must be equalize^. For example, 2 X 10" 3 X 10^ = 
2 X 10^ + 30 X 10' = 32 X 10^ or 3.2 X 10'. 

• Multiplying exponents. Exponential numbers may be multiplied 
by adding the exponents. For example, 10^ X 10° = 10". 

• Dividing exponents. Ebcponential numbers may be divided by 
subtracting the exponents. For example* 10' -^ 10^ = 10'. 

£-3* Metric System Units 

Prefix 

micro — one-millionth — or 10"° 

mUU — one-thousandth — =4r- or 10"^ 
10^ 

ceiUi— one-hundredth — or 10"^ 

10^ 

kilo — one thousand — 1,000 or 10' 



Units ^ 


Abbreviation 


English 
Equivalent 


1 kilometer (1,000 meters) 


km. 


0.621 mile 


1 meter (100 centimeters) 


m. 


39.4 inches 


1 centimeter (10 millimeters, mm.) 


cm. 


0.394 inches 


1 kilogram (1,000 grams) 


kg. 


2.20 pounds 


1 gram (1,000 milligrams, mg.) 


gm. 


0.0353 ounce 


1 liter (1,000 milliliters, ml.) 


1. 


1.06 quarts 


1 milliliter (1.000027 cubic centimeters, cc.) 


ml. 




1 atomic mass unit (1.66 X 10^ gm.) 


a.m.u. 




1 angstrom (1 X lO"" cm.) 


A 


X 


1. electron vOlt (23.1 kilocalories per mole) 


e.v. 




1 erg (2.39 X 10"" kilocalories) 


erg 




Avogadro number (6.0235 X 10") 
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Periodicals , ^ 

The f<yUowing periodicals are extremely valuable as sources of 
^reference materials for the teachers and pupils of chemistry. 
Journal of Chemical Education. American Chemical Society, 500 
Fifth Avenue, New York 36. Monthly. 84. 

Published for both college and high school teachers. The inclusion 
of coUege-level article provides high schools mth excellent enrich- 
ment materials. ^ 
Copies of the Journal of Chemical Education are available on inter- 
library loan from the New York State Library in Albany. Such 
loans should be arranged through the local public library. The 
following is a list of libraries that carry all or part of the back issues 
of the journal. 



Boyce Thompson Institute Library, 

Yonkers 
Chemists Club, New York 
City College of New York Library, 

New York 
Colgate University Library, 

Hamilton 
Columbia University Library, 

New York 
Cooper Union Library, New York 
Cornell University Library, Ithaca 
Eastman Kodak Research Library, 

Roche^l^^ 
Engineering Society Library, 

New York 
Fordham University Library, 

New York 
Grosvenor Library, Buffalo 
Hamilton College Library, 

Clinton 
New York State Library, 
Albany 

New York University Library, 

University Heights 
New York University Library, 

Washington Square 



PraJtt Institute Library, Brooklyn 
Public Library, Brooklyn 
Public Library, New York 
Public Library, Queens 
Public Library, Rochester 
Rensselaer Polytechnic Institute 

Library, Troy 
St. John's University Library^ 

Brooklyn 
St. Lawrence University 

Library, Canton 
Skidmore College Library,^ 

Saratoga Springs 
Syracuse University Library, 

Syracuse 
Teachers College Library, Colum- 
bia University, New York 
Union College Library, 

Schenectady 
University of Buffalo Library, 
Buffalo 

University of Rochester Library, 

Rochester 
Vassar College Library, 

Poughkeepsie 
Wells College Library, Aurora 
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Qiemical and Engineering News. Amcfican Chemical Society, 1155 
16th St., N.W., Washington 6, D.C. Weekly, $6 
Excellent, source of information on the latest in research and applied 
chemistry. 

The following periodicals contain interesting material on several 
of the sciences and are suggested as possible instructional aids for all 
teachers and pupils of science. 

Scientific American. 1415 Madison Ave,, New. York 17. Monthly. $5, 
Indudes book reviews, illustrations, trade literature, chemical ab» 
stracts, engineering abstracts and psychological abstracts. 

The Science Teacher. National Science Teachers Association, 1201 
Sixteenth St., ^N.W., Washington 6, D.C. 8 times a year. Non- 
mem bera 50^ per month. 

Includes bibliographies, book reviews, charts, illustrations and edu- 
cational index. 

Science Information News. National Science Foundation. Supt. of 

Documents, Washington 25, D.C. Bimonthly. $1.25 

Bibliographies of science materials. 
Science. (A.A.A.S.) 1515 Massachusetts Ave., N.W., Washington 5, 

D.C. Weekly. $8.50 

Includes biological abstracts, chemical abstracts, engineering index, 
mathematical reviews, nutrition abstracts, psychological abstracts 
and science abstracts. ^ 

Science News Letter. Science Service Inc., 1719 N. St., N.W., Wash- 
ington 6, D.C. Weekly. $5.50 
A weekly summary of current science. 

Science World. Scholastic Magazines, Inc., 33 W. 42d St., New York 
36. Biweekly. $1.50 

Contains articles of general interest on current aspects of science. 

/ \ , 

V 
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Radioactive Isotopes 

G-1. Radioactive Isotopes for Sale 
under a General AEC License 



Isotope 


Usual JI^hemical 
Form 


HalF'Life 


Jodine 131 


V Nal 


8.08 days 


Phosphorus 32 


NaHaP04 


14.3 days 


Calcium 45 


CaCU 


163 days 


Carbon 14 


7* 

X Na,C0, 


5,568 yrs. 


(Cfesium 13t and 


Csa 


30 yrs. ^ 


Barium 137) 


Baa, 


2.6 min. 


Chlorine 36 


KCl 


308,000 yrs. 


Chromium 51 


CrCl. 


27,8 days 


Cobalt 60 


CoCU 


5.27 yrs. 


Iron 59 


Fed, 


45.1 days 


Nickel 63 


NiCl, 


85 yrs. 


Ruthenium 106 


RuCl. 


1.0 yrs. • 


Rhodium 106 


' RhCU 


3Q. sec' . 


Sodium 22 


NaCl 


2.6 yra. 


Strontium 89 


SeCU 


53 days 


(Strontium 90 and 


^ SrCU 


25 yrs. 


Yttrium 90) 


YCl. 


2.54 days 


Sulfur 35 


H,S04 


87.1 days 


Thallium 204 


TINO, 


4.0 yrs. 


Yttrium 90 


YCla 


2.54 days 


Zinc 65 


ZnCl, 


250 dayi 
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C<-2. AppIication«Exeinpt Quantities of Radioisotope^ 
€aii Be Secured from the Following: 

(1) Nuclear Consultants, Inc. 
, 33-61 Crescent Street 
Long Island Gty 6 * ^ 
. (2) Abbott' Laboratories 
Oak Ridge Division 

Oak Ridge, Tenn. ' * 

(3) Nuclear- Chicago Corporation 
223 West Erie Street 
Chicago 10, 111. 

(carbon 14 compounds) 

(4) Isotopes Specialities Company, Inc. 
170 West Providencia I^treet 
Burbank, Calif. 

(5) Atomic Research Laboratory 
10717 Venice Boulevard 
Los Angeles 34, Calif. 



ERIC . « ' » ^ 



Appendix H 



Equipment and Supplies 

The following equipment and supplies wJll be needled in order to 
carry out the activities contained in the .Chemistry Handbook. 

No attempt has been made to indicate quantities in view of the fact 
that school situations vary as to whether a particular activity is teacher 
demonstrated, individually performed or carried out in small groups^ 

Schools that arc unable to obtain all the necessary materials at one 
time should work out a systematic plan for yearly purchases over a 
given period of time until their chemistry laboratories arc complete. 
Once this has been achieved, it is important to provide iqr replace- 
ments each year in order to keep the laboratory in an efficient operating 
condition. 



Equipment 



Aic light 
AsbeitM pads 

Atomizer ' 

Balance (beam, analytical, spring) 

Battery 

Battery jar 

Beakers ( tall-form, low-form, 

various sizes) 
Bearings 
Bell (electric) 
Bell jar 
Blowpipe 

Bottles (collecting) 

Brownian movement apparatus 

Bunsen burner 

Burette 

Buzzer (electric) 
Chart (periodic table) 
[ Chart (relative size of atoms and 
ions in the periodic table) 
Clamps (alligator, burette, beaker, 

hose, test tube) 
Cobalt glass 
Colorimeter (DuBosq) 
Conductivity of solution apparatus 
(Connections (plastic,, rubber) 
Cork borer 
Cover glass. 

Crucible and cover (porcelain, clay, 
platinum, vycor) 



Cup (clay) 
^Diffraction grating 
Drying tube 
Electric "bleeder" 
Electric heater 

Electrolysis apparatus (student form) 

Electroscope 

Erlenmeyer flask 

Evaporating dish 

Film holder 

File (triangular) 

Filter pump (aspirator type) 

Filtering flask 

Flashlight 

Florence flask 

Forceps 

Funnel (short stem, long stem, droppmg, 

Septra tory) 
Ceiger counter 
Gl{^ chimney 
Glass sqfuore 
Goggles 

Graduate (graduated cylindes', vanous 

sizes) 
Hammer (claw) 
Hoffman app^tus 

Hydrometer (heavy liquid, light-liquid) 
Iceland spar 
Induction coil 
Kipp generator 
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Knife (pmring) 
Lamp socket (porcelain) 
Magnets 
Marbles 

Medicine dropper 
Metric. roler . 
Microscope ( compound) 
Mineral collection 
Mortar and pestle 
Nessler's tubes 
Oven 

Overhead projector 
Pegboard (mosonite) 
Petri dish 
pH meter 
Pip tin 

PKers (long nose) 
Pinchcocks 
I Pipette 
Pneumatic trough 
Power supply ia.c, d.c.~ 
Pj;cnometer 

Reflector (photographic) 
Retort 
Rheostat 
Ringstand 
Rod.(6tifring) ^ 

Supplies 

Acetate paper (clear, colored) 
Acetic acia (glacial, dilute) 
Acetic anhydride 
Acetone 

Acetylene tetrobromide 

Agar > 

AUzarin yellow 

Alplia Source 

Aluminum chloride 

Aluminum foil 

Aluminum pxide (alumina) 

Al|[minum (pellets, powder, sheets) 

Alluninum potassium sulfate ( alum) - 

Aluminum sulfate 

Ammonia (in water) 

Ammonium chloride 

Amn^onium dichromate 

Ammonium hydroxide 

Ammonium phosphate 

Amyl acetate . 

Antimony (powder) ^ 

AAtimonyl potassium tartrate 

Arsepic 

Arsenious oxide 
Asbestos' fibers * 
Asphalt 

Barium carbonate 
Barium chloride 
Barium hydroxide 
Barium nitrate 
Barium peroxide 
Barium sulfate 
Benedict's solution 



Saw (wood) 
O Screwdriver 
Spatula 

Spectrum tube (Ha, Ns, Hg) 
m Spoon (deflagrating). 

Spoon (plastic or bone) 
Stopper (rubber, various sizes)* 
Switch (single and double pole, single 
ff and double throw) 

Test- tube 

Test tube brush % ' 

Test tube holder 
Test tube rack 
Thermometer (C, F.) 
Thistle lube 
Tongs 

Txiangle (pipestem) 
Tripod 
U-iube 

-low voltage) Ul^^^^^^^t light 'source 
. .c> / Vacuum pump 
Voltmeter 
Volumetric flask 
Watchglass 
Water bath 
Wing top. 



Benzene . ^ 
Bismuth 
Boric acid 
Brick (tap hole) 
Bromine 
ISrom thymol blue 
Brush (paint, 1 inch) 
Bulb (argon, neon) 
Butyl alcohol (butanol) 
Butyric acid y 
Cadmium 

Cadmium carbonate 
Calcium 

Calcium acetate ^ 
Calcium carbide ^ 
Calcium cariionate 
Ctiflcium chro.mote 
Calcium fluoride ^ 
Calcium hydroxide 
Calcium hypocnlorite 
Calcium nitrate^' 
Calcium oxide 
Calcium sulfate , ^ 

Camphor 

Candies (wa:?) t» 
Carbon 

Carbon disulfide 
Carbon tetrachloride 
Casein . 

Cellophane (colorless, various colon) 
Chalk (various colors) 
Charcoal • ' ^ 

Chloroform *• . ■* - 
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Guromo alum 
Cbromium oxide 
Cinnabar oro 
Citric acid 
Cobalt chloride 
Cobalt nitrate 
Congo red 

Copper metal • 
Copper carbonate 
Copper nitrate 
Copper sulfate 
Copper sulfide 

Copper wire (various gouges) 
Corks (various sizes) 
Cornstarch 
Cotton 

Cottonieed oil 

Cupric bromide (anhydrous) 

Cupric chloride (anhydrous) 

Cupric oxide 

Capric sulfate 

Detergent (liquid) 

DjDxtrin 

Oiphenylamine 

Dry ceU. ' 

Ether *^ 

Ethyl acetate 

Ethyl alcohol (ethanol) 

Ethylene dichloride 

Ethylene glycol 

Fehling*9 solution 

Felt (various colors) - 

Ferric chloride 

Ferric hydroxide 

Ferric oxide 

Ferric sulfate 

Ferrous ammonium sulfate . 
Ferrous sulfate 
Fihn (X-ray)" 

Filter paper (sheets, Whatman) 

Fornffaldehyde 
, .Fructose 
^-tJalena (ore) 

CRftllium • 

Gases in cylinders (NHi, COu 

•HiS^;0,, SOa) 

Gelatin • 

Glass tubing (various diamj 
Glucose 

Glycerine (glycerol) 

Gold chloride v 

Gold foU ' 

Graph paper (regular, semilog) 

Graphite 

Graphite electfodes 
IJalite (rock salt) 
Hexamethylenediamine 
Hydrion paper ^ 
Hydrochloric .acid 
Hydrofluoric acid 
Hydrogen peroxide 
Indigo bine 
Indophenol 



Ink (IndU) 

iodine crystals 

iron filmgs . 

Isopropyl alcohol v 

Junket (tablets) 

Kerosene 

Lacquer 

Lactic acid ^ 

Lactose 

Lampblack 

'Lamps (various sizes) 
-Lead (chunlts, sheets) 

Lead acetate 

LiCad carbonate 

Lead chloride 

Lead nitrate 

Lead oxide 

Lead sulfide 

Unseed oil 

Lithium 

Lithium chloride 
Litmus 

Litmus paper (red, blue) 
Lycopodlum powder 
f Magent|i 
' Magnesium oxide 

Magnesium -(ribbon, tuming^ powder) 
Magnesium sulfate 
Magnetite (ore) 
Maltose « 

Manganese dioxide 
Marble chips 
Marbles (various sizes) 
Mercuric bromide 
Mercuric chloride 
Mercuric iodide 
Mercurous chloride 
Mercurous jiitrate . 
Mercuifous sulfide 
Mercury. 

Methyl o\c(}hol.( methanol) 
Methyl orange 
Methyl oxalate 
Methyl red 
Ha, Methyl vjolet 
Meihyleng blue 
Methylene iodide 
Mineral oil ■ ' 
Modeling clay 
Molasses 
- Nails (ifarious siz«) 

N-amyl alcohol ^ 
s Naphthalene , 
Nichrom'fe wire 
Biickel ammonium sulfate 
Nickel nitrate 
Nickel sulfate 
Nitric acid 

Nitropropane " ^ 

Nylon powder 

Ookwoad 

• Oil red / 
Oleic acid • ' 
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Oxalic acid 
Paper toweling 

Paraifin 

Pegs (colored) 

Pcntano ^ 
Pentyl alcohol ( pentanolj 
pH paper # 
- Phenol 
Phenolphtholein^ 

Phosphonia (red, white, yellow) 
Phthalic anhydride 
Plaster of paria 
Platinum wire 
Plumber's litharge 
Potassium 
Potassium bromide 
Potassium carbonate 
Potassium chlorate 
Potassium chromate tt 
Potassium dichromate IJ 
Potassium ferricyanide t 
Potassium ferrocyanide ^ 
Potassium hydroxide 
Potassium iodate 
Potassium iodide 
Potassium nitrate 
Potassium permanganate . 
potassium phosphate 
Potassium thiocyanate 
Propyl flilcohol (propanol) 
Propylene glycol / 
Pyrcx glass wool 
PytogaUic acid 
Radioactive ores 

Radioisotopes (see appendix G) 

Razor blades 

Rosin * / 

Rubber tubing (various^ sizes) 

Salicylic acid 

Sand 

Sandpaper (various nos.) 
Sebacyl chloride 
Sequins 
Silica 

Silver acetate ' ^ 

Silver nitrate 
Silver oxide 

Soap (liquid, powder, bar) 
Sodium 

Sodium acetate' 
Sodium bicarbonate 
Sodium bisulfite 
Sodium borate iborax) 



Sodium bromide 

.Sodium calcium hydroxide (soda lime) 

Sodium carbonate 

Sodium chloride 

Sodium chromate 

Sodium hydroxide 

Sodium iodido 

Stoum nitrate 

Sodium oleate 

Sodium peroxide 

Sodium potassium tartrate ( Rochelle salt) 

Sodium silicate 

Sodium sulfate 

Sodium sulfite 

Sodium thiosulfate (hypo) 

Splints (wood) 

Sponge 

Stannous chloride 
Starch 

Stearic acid ^ 
Steel wool 

Straws (soda, plastic) 

Strontium "J 

Strontium nitrate * 

Styrofoam (blocks, spheres) 

Succinic acid 

Sucrose 

Sugar 

Sulfur (flowers, roll) 
Sulfuric acid 
Tacks 

Tannic acid 

Tape (tidhesive, mnsking) 
Taper 

Tartaric acid 
Thermite mixture 
Thioacetamide 
Thyniolphthalein 
Tin 

Titanium tetrachloride 
Toluene 

Trie^anolamine 
Tumeric paper 
Turpentine 
Vaseline 
Wire gauze 
Xylene 

Zeolite ^ 
Zinc (mossy, strip's) . 
Zinc carbonate ^ ^ 

Zinc chloride ' - 

Zinc sulfate • 
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